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6Abstract
ABSTRACT
LONG-TERM FUNCTIONAL AND VOCATIONAL OUTCOME
OF PATIENTS WITH TRAUMATIC BRAIN INJURY
Ilmari Asikainen
Kauniala Hospital, Kauniainen, Finland
The aims of the study were (1) to evaluate influence of age and educational
level before injury on functional and vocational long-term outcome among a
group of traumatic brain injury rehabilitation patients; (2) to study whether
the Glasgow Coma Scale score on hospital admission, length of coma and du-
ration of post-traumatic amnesia predict outcome; (3) to assess relationships
between speed performance tests and outcome; and (4) to study risk factors
for late post-traumatic seizures, the time of the first late seizure, and the influ-
ence of late seizures on functional and occupational long-term outcome.
A sample of 508 mostly young traffic accident patients with traumatic
brain injury and problems in education and employment were followed up at
least 5 years from time of injury at Kauniala Hospital. Outcome measures
were the Glasgow Outcome Scale score and capacity for employment. The
predictive value of age at injury, pre-injury educational level, the Glasgow
Coma Scale score, length of coma and post-traumatic amnesia was studied.
For evaluating speed performance and outcome, the Stroop and Purdue Peg-
7Abstract
board tests, and simple visual and auditory reaction times were used. The oc-
currence of early and late post-traumatic seizures, their risk factors and the
influence of late seizures on outcome were studied.
Young children with severe brain injury coupled with poor educational
attainment had relatively worse outcome than those whose injuries were
sustained in adolescence or early adulthood. The Glasgow Coma Scale
score, length of coma and post-traumatic amnesia helped predict outcome.
In the Stroop and Purdue Pegboard tests, those with severe disability and
those unable to work were slowest. Young children more often had early
seizures than did adolescents and adults. Early seizures and depressed
skull fracture had a significant relationship with late seizures. Permanent
post-traumatic neurological deficit, linear skull fracture and permanent lo-
cal brain lesion documented by computed tomography scan appeared clini-
cally important as risk factors.
Contrary to widely held belief, severe brain injuries in children are no less
harmful than in adults. Simple diagnostic tools, such as Glasgow Coma Scale
score, length of coma and duration of post-traumatic amnesia, help make pre-
diction of outcome reasonably accurate. The Stroop and Purdue Pegboard
tests are also relevant components of assessment. Young children are more
prone to early seizures, and adolescents and adults to late seizures. Late sei-
zures worsen functional outcome, but have no significant influence on re-em-
ployment when the necessary restrictions are noted.
Keywords: Traumatic brain injury, age, educational level, speed performance,
post-traumatic seizures, long-term outcome.
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CT                                                                          Computed tomography
DAI                                                                        Diffuse axonal injury
EEG                                                                       Electroencephalogram
EPTS                                                                      Early post-traumatic seizures
GCS                                                                       Glasgow coma scale
ICD                                                                        International classification of
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LPTS                                                                      Late post-traumatic seizures
MRI                                                                        Magnetic resonance imaging
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Introduction
INTRODUCTION
Traumatic brain injury (TBI) is one of the most common causes of neurological
mortality and morbidity in western countries. The outcome and recovery of pa-
tients with TBI involve a very broad range of clinical disciplines. Different
groups of physicians ask, however, different questions about mortality, morbidi-
ty and recovery, and about the factors that predict or constrain outcome.
The outcome for patients with TBI is determined by type and severity of
accident, rapidity of admission to an emergency care unit, decisions concern-
ing conservative or surgical treatment, management of acute or subacute
complications, and age as well as pre-injury health of the patient. Intensive
care in the first hours after injury may improve prognosis in the acute phase.
Rehabilitation services are expected to provide prognoses on outcome as
well as projections of necessary services and costs for a large group of disabled
survivors. It is uncertain, however, whether a rehabilitation service can con-
struct descriptive data on patients that have predictive value. The present study
reports relevant prognostic factors that predict outcome 5 or more years after in-
jury for patients with TBI referred to a single rehabilitation programme.
Better acute medical care has improved survival rates in brain injuries in
recent decades (Guateri 1988). Despite progress in acute or subacute rehabili-
tation, however, an increasing number of TBI patients have neurological, psy-
chiatric or behavioural problems (McAllister 1992), which adversely affect
their long-term functional outcome and capacity for work.
Classification of TBI severity usually depends on anatomical findings in
brain imaging (Hadley et al.1988), depth of coma (Teasdale and Jennett 1974),
length of coma (LOC) and post-traumatic amnesia (PTA) (Katz and Alexander
11
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1994). Neuroimaging data serve to establish diagnostic criteria for focal cortical
contusion, hypoxic-ischaemic injury and subdural or epidural haematoma (Om-
maya and Gennarelli 1974; Gennarelli et al. 1982; Lobato et al. 1983; Marshall et
al. 1991; Katz 1992). Depth of coma has, in most studies, been defined and quan-
tified by the Glasgow Coma Scale (GCS) score (Teasdale and Jennett 1974). LOC
and PTA have usually been given in hours, days or weeks.
For this study, acute hospital records for all patients were reviewed. Acute
clinical history and neuroimaging are sufficient to establish likely neuropa-
thology (Ommaya  and Gennarelli 1974; Adams et al. 1982, 1991; Gennarelli et
al. 1982; Marshall et al. 1991; Katz 1992). Neurological condition on admission
and throughout the hospital course was perused. Additional history was
gathered from family, especially to estimate time of initial responsiveness. In
the acute phase, computed tomography (CT) was available only for some pa-
tients, but all patients underwent follow-up CT scanning while in the rehabili-
tation programme.
Diffuse axonal injury (DAI) requires a cause of injury consistent with sig-
nificant acceleration/deceleration force (Gennarelli et al. 1982), e.g. motor-ve-
hicle accidents or falls of over 180 cm, and loss of consciousness at the time of
injury, without lucid interval (Adams et al. 1982). Specific CT or magnetic res-
onance imaging (MRI) findings considered compatible with DAI are petechial
white matter haemorrhages, isolated intraventricular or subarachnoid haem-
orrhage, diffuse swelling or a normal scan (Adams et al. 1982; Lobato et al.
1983; Marshall et al. 1991).
Focal cortical contusions are best diagnosed by neuroimaging. Localized
haemorrhage and oedema involving the cortical and subjacent areas,
which is the typical early CT appearance of focal cortical contusion, con-
12
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firm this diagnosis.
Diffuse hypoxic-ischaemic injury can be diagnosed when clinical history
is compatible with focal or diffuse ischaemia (Graham et al. 1979), such as
cardiopulmonary arrest, severely increased intracranial pressure, particularly
when there is simultaneous systemic shock, central herniation, or uncal herni-
ation. Criteria for intracranial pressure are sustained pressures greater than 20
mm Hg, and for shock prolonged systolic blood pressure below 90 mm Hg.
Subdural and epidural haematomas are best diagnosed by neuroimaging.
Subdural haematomas are classified as subacute if they first present within 2
weeks post-injury, and as chronic if they present after 2 weeks or have the ap-
pearance of a chronic subdural haematoma at the time of surgery.
The present study emphasizes brain injury factors, i.e. variables describing
type and severity of brain damage, in predicting outcome. These factors are
surely the most important determinants of recovery and outcome. The non-
injury factors studied are age at time of injury and pre-injury educational lev-
el. Other pre- and post-injury factors, for instance, employment status, psy-
chosocial status and substance abuse, probably also have some influence on
outcome. While these factors are less important predictors initially, their con-
tribution may increase as the predictive weight of injury factors decreases at
times more remote from time of injury.
Introduction
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REVIEW OF THE LITERATURE
DEFINITION OF TRAUMATIC BRAIN INJURY
Brain injury covers a wide range of severity, from patients who die before ad-
mission to hospital to those with brain injuries so mild that they do not even
attend hospital. In between are those in coma, either initially or as a result of
complications, those who are less seriously injured but are admitted to hospi-
tal, and the much larger number who attend hospital but are sent home.
Much of the difficulty in comparing different reports about the features and
frequency of brain injury stems from differing criteria for the minimum de-
gree of severity required for classification as brain injury. A practical opera-
tional definition, used in surveys in Scotland, incorporates a definite history
of a blow to the head, a laceration of the scalp or head, or altered conscious-
ness no matter how brief (Jennett et al. 1977a). Clinical evidence of damage to
the brain is the most reliable way to recognize that a brain injury has oc-
curred. All definitions exclude injuries confined to the face, nose or ears.
Scalp, skull or brain may each be injured independently of the others.
2. CLASSIFICATION OF TRAUMATIC BRAIN INJURY
Brain damage after head injury can be classified by type and by time course.
The patterns of injury recognized by neuropathologists, and also increasingly
by imaging in life, are separated into focal and diffuse injuries as in Table 1
(Jenkins et al.1986; McLellan et al. 1986; Zimmerman et al. 1986; Adams et al.
1989). In many patients, the distribution of lesions is multifocal, e.g. multiple
cortical contusions or multiple ischaemic lesions.
14
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In the time course, the differentiation can be made between primary damage,
which develop at the moment of impact, and secondary damage due to subse-
quent complications (Table 2), which may be intracranial or systemic insults
(Graham et al.1978, 1989; Lewelt et al. 1980, 1982;  Andrews et al. 1990; Gopi-
nath et al. 1994; Jones et al. 1994). Brain injuries can also be classified on the
basis of mechanisms of injury; i.g. whether or not there is a compound frac-
ture, an open or closed injury, or a missile or non-missile injury.
Table 1.   Lesions causing focal and diffuse patterns of damage after brain injury
Focal Diffuse
Contusion Axonal injury
Haematoma: Hypoxia/ischaemia
Extradural
Subdural
Intracerebral
Swelling Diffuse vascular
Infarct Fat embolism
Pressure necrosis Subarachnoid
Haemorrhage haemorrhage
Abscess Meningitis
Table 2.   Complications after head injury that cause secondary results to the damaged brain
Intracranial Systemic
Haematoma Hypoxia
Swelling Hypercarbia
Raised intracranial pressure Hypotension
Vasospasm Severe hypocarbia
Infection Fever
Epilepsy Anaemia
Hydrocephalus Hyponatraemia
15
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NEUROPATHOLOGY OF TRAUMATIC BRAIN INJURY
Diffuse axonal injury is the most important lesion in TBI (Adams et al.
1989). It is thought to be responsible for the extent of impairment of con-
sciousness in the acute stage and to account for much of the disability in lat-
er stages for all types of injury (McLellan et al. 1986). It consists of scattered
damage and division of axons throughout the white matter of the brain. In-
jury to individual axons can be recognized only by microscopy of fatal ca-
ses, with silver stains showing retraction balls, which represent swollen
blobs of axoplasm. These lesions are distributed centripetally and with in-
creasing injury may extend from the subcortical white matter into the cent-
rum semiovale, internal capsule and brain stem. In more severe cases, they
are accompanied by haemorrhage from small macroscopic tissue tears.
These are typically located in the parasagittal subcortical white matter,
where it was previously called a gliding contusion, the corpus callosum, the
superior cerebellar peduncle, and the dorsolateral aspect of the brain stem.
These lesions can be recognized on the cut surface of the brain in fatal cases,
and are now being detected in many patients in life by CT scan or MRI ima-
ging (Jenkins et al. 1986; Zimmerman et al.1986).
Ischaemic brain damage is the most common secondary insult (Graham et
al. 1979) and is found in more than 80% of fatal cases, despite modern inten-
sive management (Graham et al. 1989). The frequency of ischaemic damage is
contributed to by impairment, as a consequence of injury, of the normal regu-
lating mechanisms by which cerebral vascular responses maintain an ade-
quate supply of oxygen (Lewelt et al.1980, 1982). The frequency of secondary
ischaemic insults, particularly in patients with other injuries, has been high-
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lighted by recent findings made by analysis of continuous  monitoring (An-
drews et al. 1990; Gopinath et al. 1994; Jones et al. 1994). In a series of patients
with varying severity of brain injury, 92% were found to have one or more in-
sults lasting for at least five minutes, despite being in a well-equipped and
fully staffed intensive care unit.
Primary and secondary traumatic brain damage are less easy to separate.
Axonal injury, once thought to occur at the moment of impact and to be irre-
versible, may in fact evolve from a partial injury, which continues to complete
disruption over some hours (Povlischock 1992). The sequence includes un-
folding of the axolemma, loss of membrane properties, damage to the cy-
toskeleton and interruption of axoplasmic flow, leading to local swelling and
then disruption. Moreover, secondary damage from insults, such as hypoxia,
may occur within minutes, before paramedical roadside attention, and may
merge with the damage resulting from biomedical forces acting at the mo-
ment of injury. The distinction is, however, still a useful clinical concept and
underlines the importance of focusing management on the avoidance or re-
versal of secondary events.
Clinically, the processes of primary and secondary damage are reflected in
three principle patterns of evolution, each with implications for management:
1. The patient loses consciousness or develops other neurological features at
the time of injury, but improves as time passes. This  correlates with damage
that is principally primary, from which natural recovery is taking place. 2. The
patient does not lose consciousness at the moment of injury, but then deterio-
rates, or having lost consciousness, then begins to worsen; both of these signal
the development of secondary damage and demand immediate action. 3. Fea-
tures of brain damage develop at the moment of, or soon after, injury and per-
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sist for weeks without change; such a patient may show natural recovery, but
is at increased risk of secondary complications.
An appropriate approach to investigation and management is most impor-
tant in early cases of brain injury. Clinicians, therefore, must determine how
severely the patient is injured and what the risks are for future deterioration
and increased damage.
SEVERITY OF TRAUMATIC BRAIN INJURY
Different approaches to classification of severity of brain injury can lead to
much of the confusion, scientific, clinical and medicolegal, that clouds discus-
sion and fuels controversy. It is, therefore, important to obtain general agree-
ment on the purposes of classification.
The first purpose of classification of severity is for management in the
acute stage, consisting of the patient’s condition on arrival at hospital, how
this is evolving, and what complications are possibly expected. The second is
the potential for recovery after initial assessment and acute management. The
third concerns the inter-relation between the injury and late sequelae, which
may be due to both initial injury and to subsequent complications. Early se-
verity is often assessed retrospectively, for example, by duration of amnesia,
which is particularly relevant to medicolegal issues. The difference in percep-
tions between those who have seen the patient at the acute stage, i.e. accident
and emergency consultants, general and orthopaedic surgeons, and neurosur-
geons, and those who have become involved later in the assessment of seque-
lae, such as neurologists, neuropsychologists and psychiatrists, reflects these
varying standpoints.
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Changes in consciousness are the basis of most approaches to classification
of severity (Jennett et al. 1976), reflecting the importance of diffuse axonal in-
jury in the initial events and in causing sequelae. The Glasgow Coma Scale
(Table 3) separately assesses eye, verbal and motor performance (Teasdale
and Jennett 1974).
Table 3.   Glasgow coma scale, coma score, and modifications for children under five years old
 In adults (score in normal adults is 15)
Eye opening response:
Spontaneously 4
To speech 3
To pain 2
None 1
Best motor response (in arms):
Obeys commands 6
Localisation to painful stimuli 5
 Normal flexion to painful stimuli 4
Spastic flexion to painful stimuli 3
 Extension to painful stimuli 2
None 1
Best verbal response:
Oriented 5
Confused 4
Inappropriate words 3
Incomprehensible sounds 2
None 1
19
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This separation is appropriate conceptually, because each may change inde-
pendently, and is very convenient in practice, contributing to the wide accept-
ance of GCS scores. The scores of the different components are usually
summed to an overall coma score ranging from 3-15 (Teasdale et al. 1976,
1979a), with this total coma score (Table 4) providing the basis for classifica-
tion (Teasdale et al. 1976, 1979b; Williams et al. 1990). Nevertheless, its use
needs critical review, particularly in less severe injuries (Gómez et al. 1995).
Modifications of normal response in children under 5
Age Best motor response Best verbal response
<6 months Flexion Smiles and cries
6-12 months Localisation Smiles and cries
1-2 years Localisation Sounds and words
2-5 years Obeys commands Words and phrases
Table 4.   Classification of head injuries by the Glasgow coma score into severe, moderate, mild and minor
GCS on Cases (%) Admissions Multiple Risk of ICH Fracture Dead (%)
Arrival Attenders Injury (%) No fracture
Minor 15 95 42 32 1/10000 1/100 <1
Mild 13 -14 4 38 1/380 3-5
Moderate 9-12 13 37 1/15 9
Severe 3 -8 1 7 63 1/50 1/80 35 -40
GCS = Glasgow coma scale score; ICH = Intracranial haematoma
]
]
]
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The most extensively used definition for severe brain injury is a GCS score of
3-8. Originally, the definition used in the international studies coordinated
from Glasgow (Jennett  et al. 1977a, 1979b) was that the patient be in a coma
for six hours, coma being defined as no eye opening, no comprehensible ver-
bal response and no obeying of commands (Teasdale 1976). In some 80% of
cases, the notation for coma translates into a coma score of 8 or less, hence the
adoption of the score. The six-hour duration has become difficult to apply be-
cause patients with severe head injuries are now almost uniformly sedated,
intubated and ventilated, and thereby unassessable for hours, and initial se-
verity is usually assessed by the findings on admission to hospital.
Moderate brain injury was defined by Rimel et al. (1982) as a patient with
a coma score of 9-12. This group may be difficult to identify consistently, and
thus, the definition should undergo scrutiny before further work is carried
out (Johnstone et al. 1993).
The most unsatisfactory definition is that of a mild or even minor brain in-
jury as a patient with a GCS score of 13-15 (Rimel et al. 1981), because patients
with a coma score of 15 comprise the overwhelming majority classified into
this group (Strang et al. 1978; Swann et al. 1981). In practice, a patient with a
coma score of 15 (Table 4), as compared with those with scores of 13 or 14, has
a much lower risk of complications at the acute stage (Mendelow et al. 1983;
Teasdale et al. 1990), and fewer and less persistent sequelae. The inclusion
within the same category of all patients with a coma score of 13-15 underesti-
mates the true severity of injury in patients with a coma score of 13-14 and re-
fers to these as having had a minor injury.
Description of severity in later stages is based on the duration of alteration
in consciousness, either of observed coma or of amnesia (Russel 1961). The
21
Traumatic Brain Injury
duration of amnesia after injury, i.e. post-traumatic amnesia, is a widely ac-
cepted index. Nonetheless, it may be difficult to estimate precisely and is best
regarded as a logarithmic scale. Categories include: very mild, less than five
minutes; mild, five to 60 minutes; moderate, one to 24 hours; severe, one to
seven days; very severe, one to four weeks; extremely severe, more than four
weeks (Jennett et al. 1976; Teasdale and Brooks 1985).
The classification of severity based solely on changes of consciousness may
sometimes overlook the importance of focal injury. Computed tomography
and MRI show that cortical contusions can occur in the absence of prolonged
unconsciousness, but lead to prolonged confusion and sequelae such as mem-
ory impairment and epilepsy (Wilson et al. 1993).
5. CAUSES OF TRAUMATIC BRAIN INJURY
All reports show that the main causes of brain injury are road accidents, falls
and assaults. There is, however, considerable variation from place to place
(Table 5), with the proportion of admissions due to road accidents ranging
from 24% in Scotland to 90% in Taiwan (Kalsbeek et al.1980; Annegers et
al.1980a; Cooper et al.1983; Kraus et al. 1984; Fife et al. 1986; Whitman et al.
1984; McKenzie et al. 1981; Selecki et al. 1981; Jennett 1996; Tiret et al.1990;
Vasquez-Barquero et al. 1992; Lee et al. 1990; Nell and Brown 1991).
Similarly, the proportion due to assault ranges from 1% of males in
France to 45% of males in Johannesburg; in the United States, the range is
from 40% for inner-city black persons in Chicago to 4% in Olmsted. The dis-
tribution of causes also varies greatly with the severity of injury, with road
accidents the dominant cause only for severe and fatal injuries. Pedestrians
22
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are apt to be more severely injured than vehicle occupants, and injuries to
pedestrians are particularly common in young children and elderly people.
There is increasing awareness of the importance of bicycle accidents, the
majority of which occur to children (Kraus et al. 1987; Sacks et al. 1991).
Most of these childhood accidents result from falls rather than collisions
Table 5.   Distribution (%) of causes in different places
 (based on admissions ± early deaths)
Place and Road traffic Falls Assaults
reference accidents
USAKalsbeek et al. 1980 49 28  NI
OlmstedAnnegers et al. 1980 47 29 4
BronxCooper at al. 1983 31 29 33
San DiegoKraus et al. 1984 48 21 12
Rhode IslandFife et al. 1986 39 35 9
ChicagoWhitman et al. 1984
City black 31 29 40
Suburban black 32 21 26
Suburban white 39 31 10
MarylandMcKenzie et al. 1989 49 26 11
AustraliaSelecki et al. 1981 53 28  NI
ScotlandJennet 1996 24 39 20
FranceTiret et al. 1990 60 32 1
SpainVasquez-Barquero et al. 1992 60 24  NI
TaiwanLee et el. 1990 90 5 NI
JohannesburgNell et al. 1991 M 35 4 45
F 39 4 38
NI = no information
M = male
F = female
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and are often sustained off the road.
Falls are a significant cause of brain injury, especially in young children
and the elderly. Many falls in adults are related to alcohol, and others result
from assault, such that falls are likely to be underreported and the details are
often inaccurate.
Assault is a common cause of brain injury in some places, particularly in
economically depressed and densely populated urban areas. In the Bronx
(Cooper et al. 1983) and inner Chicago (Whitman et al. 1984), assault was the
leading cause of brain injury, while in the United States overall it accounted
for only 10%. The frequency of gunshot wounds to the head in the United
States is unique to that country, but wide regional variations do exist.
Alcohol is an important contributory cause of injury and its influence is
best documented in road accidents, especially in drivers. However, studies in
New York City (Haddon et al. 1961) and Glasgow (Galbraith et al. 1976) both
showed that pedestrian victims of brain injury were more often intoxicated
than injured drivers. In San Diego, over half of the brain-injured cyclists over
the age of 15 years were intoxicated (Kraus et al. 1987). Alcohol is also a com-
mon feature in victims of assault, and in falls.
Almost any sport or recreational activity can result in brain injury. In vari-
ous United States studies, some 10% of admissions for brain injury were relat-
ed to sport or recreational activities (Haddon et al. 1961; Whitman et al. 1984);
in a Scottish survey, 12% of new brain injuries coming to emergency depart-
ments were attributed to sport (Jennett et al. 1981).
24
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EPIDEMIOLOGY OF TRAUMATIC BRAIN INJURIES
In western countries, injuries are the leading cause of death for those under
the age of 45 years, and in several Third World countries, this includes ages 5-
45 years (Rockett  and Smith 1987). Up to one-half of trauma deaths are due to
brain injuries, but brain injuries account for most cases of permanent disabili-
ty after injury (Kraus 1993). Recognition that brain injury is a major health
problem has led to several studies over the past decades to produce epidemi-
ological data in order to devise effective preventive measures, and to plan the
most appropriate health care provision both for acute care and rehabilitation
of disabled survivors.
Epidemiology provides information about the frequency of brain injuries,
their severity, and the causes of the injuries. By projecting population–based
data, epidemiological findings can be used to plan for acute and long-term
care services. In addition, epidemiology can be used to assess the usefulness
of strategies for preventing brain injuries.
Incidence means the numbers of new cases that occur in a defined popula-
tion at risk over a specified period of time. Most commonly, rates are expressed
per 100 000 persons per year. Incidence figures imply that the number of cases
that could be expected each year is predictable. Based upon this premiss, inci-
dence data can be used to calculate the total cost of brain injury to society.
Despite the usefulness of epidemiological statistics, available data is limit-
ed, and large differences exist between countries. International  comparisons
of deaths from trauma do not identify brain injuries, although their incidence
reflects geographical differences and trends over time in the frequency of inju-
ry deaths. The best time trend data are from road traffic accident deaths,
25
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which have been on the decline for some years in many developed countries.
This is believed to be mainly due to preventive measures such as seat belts,
motorcycle helmets, laws on lower alcohol limits  for drivers, reduced speed
limits, and better and more secure car and road design.
Data on hospital admissions and on deaths at national or local levels speci-
fy location of injury according to the codes of the International Classification
of Diseases (ICD). However, many difficulties arise in using these concerning
accuracy of data, because these are based morever on pathological than on
clinical criteria. Severity of injury is also very difficult to identify reliably from
ICD codes. These codes do not refer at all to the duration or degree of im-
paired consciousness, the universally recognized clinical criteria for severity
of brain injury. Further problems are variation in the use of codes between
hospitals and countries when recording similar injuries as well as simple cod-
ing errors. Reports about brain injuries from clinicians are of limited value.
The different specialists who are responsible for brain injuries of different se-
verities, together with varying admission and transfer policies in different
places, make it difficult to put the reports into an epidemiological setting.
However, two large data sets on severe injuries prospectively collected ac-
cording to strict protocols from several centres are available. The international
study of severe injuries that began at the Institute of Neurological Sciences in
Glasgow in 1979 accumulated data from that Institute as well as from The
Netherlands and California (Jennett et al. 1977b, 1979b). The United States
National Coma Data Bank, founded 10 years later, collected information from
four centres (Foulkes 1991; Foulkes et al. 1991). Together these studies provide
valuable information on severe brain injuries, but little on the brain injury
population overall.
26
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Several population-based studies of US residents, designed to determine
the incidence of brain injury cases, have been carried out. A review of these
studies is given in Table 6 (Kalsbeek et al. 1980; Annegers et al. 1980a; Cooper
et al. 1983; Klauber et al. 1981; Kraus et al. 1984; Whitman et al. 1984; Selecki
et al. 1981; Lyle et al. 1990; Field 1976; Jennett et al. 1981; Nell and Brown
1991; Tiret et al. 1990; Vasquez-Barquero et al. 1992; Johanssen et al. 1991)
Table 6.   Head injury admissions and deaths
Place and Year of Admissions/ Deaths/ Case fatality
reference study 100 000 100 000 rate (%)
USA NationalKalsbeek et al. 1980 1970-4 200 25 12·5
Olmsted CoAnnegers et al. 1980 1935-74 193 22 11·3
BronxCooper et al. 1983 1981 249 28 10·8
San DiegoKlauber et al. 1981 1978 295 22 7·5
San DiegoKraus et al. 1984 1981 180 30 16·6
ChicagoWhitman et al. 1984 1980
City black 403 32 7·9
Suburban black 394 19 4·8
Suburban white 196 11 5·6
AustraliaSelecki et al. 1981 1977 392 25 6·3
AustraliaLyle et al. 1990 1977 180-200 25 14-15·6
EnglandField 1976 1972 270 10 3·7
ScotlandJennett et al. 1981 1974-6 313 10 3·2
JohannesburgNell et al. 1991 1986 316 81 25·6
FranceTiret et al. 1990 1986 281 22 7·8
SpainVasquez-Barquero et al. 1992 1988 91 20 21·9
Northern SwedenJohanssen et al. 1991 1984 249 17 6·8
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Findings from these US studies are comparable with those from western Eu-
rope  and Australia. The epidemiology of neurotrauma (brain, spine, periph-
eral nerves) was studied in New South Wales, South Australia and the Capital
Territory of Australia in 1977 based on admissions and death records (Selecki
et al. 1981; Simpson et al. 1981). A study in northern Sweden (Johanssen et al.
1991) was limited to persons aged 16-60 years who had impaired brain func-
tion; it included early deaths. In the region of Aquitaine in France, all admis-
sions and deaths after brain injury were surveyed for the year 1986 (Tiret et al.
1990). A 1988 study in Cantabria, Spain was limited to admissions  with loss
of consciousness, skull fracture or neurological signs, but excluded early
deaths accounting 92% of all deaths (Vasquez-Barquero et al. 1992). A study in
Johannesburg was limited to admitted patients aged 15 years or over who
had altered consciousness or evidence of contusion or laceration of the brain
(Brown and Nell 1991; Nell and Brown 1991). Data for all deaths, for a 10%
sample of admissions by ICD codes and for duration of in-patient stay have
been published annually for many years in Britain; these data for brain inju-
ries in England and Wales up to 1972 are presented in Table 6 (Field 1976).
More detailed data for a stratified sample of injuries of all severities in Scot-
land in 1974 and 1985 have been analysed by an epidemiological team in
Glasgow (Scottish Head Injury Management Study 1977; Strang et al. 1978;
Jennett et al. 1979a, 1981; Brookes et al. 1990). These studies included deaths
before reaching hospital, attenders at emergency rooms sent home and admis-
sions to general hospitals and to neurosurgical units.
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7. OUTCOME, PROGNOSIS AND PREDICTION OF TRAUMATIC
BRAIN INJURY
The outcome that can be expected after traumatic brain injury is of particular
concern to the patient‘s relatives and carers (Barlow and Teasdale 1986). Doc-
tors traditionally stress the uncertainty of the situation to prepare the relatives
for death or disability of the patient and to protect staff from criticism if this
ensues. Reasonably reliable predictions of expected outcome can, however, be
made on the basis of the wealth of data gathered over the past two decades
(Jennett et al. 1976; Murray et al. 1993a, 1993b). When considering prognosis,
certain safeguards must be kept in mind; an estimate of prognosis made too
soon after injury is fallible when the patient‘s condition is partly, for instance,
a reflection of high alcohol or low oxygen level, the correction of which may
lead to rapid recovery, or when delayed complications supervene and lead to
subsequent deterioration. A balance needs to be struck between the accuracy
of later predictions and the less certain early estimated prognosis.
In individual patients, one of the most important prognostic factors is age,
with outcome worsening progressively with increasing age (Becker et al. 1977;
McKenzie et al. 1981; Hagel 1982; Ruckert and Glinz 1985; Pennings et al.
1993). By incorporating additional information about severity and type of
brain damage gained from clinical observations, including consciousness, mo-
tor reactions, pupil reactions, eye movements (Jennett 1976), and investiga-
tions, such as the CT scan (Marshall et al. 1991), an increasingly clear and reli-
able estimate of probable outcome can be given (Murray et al. 1993a).
Outcome after brain injury depends predominantly on the degree of men-
tal sequelae, in particular, changes in personality and information processing
and, in a few patients, on the degree of persisting physical limitations (Jennett
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et al. 1981). For this reason, scales developed for patients with stroke or other
types of neurological damage to the brain are inappropriate for traumatic
brain injury patients. The Glasgow Outcome Scale (GOS), described by Jen-
nett and Bond (1975), distinguishes three classes of conscious survival in
terms of consequent handicap: the severely disabled patient, who is unable to
live independently, to shop or to travel on public transport; the moderately
disabled patient, who is independent, but does not resume previous employ-
ment or social lifestyle; and the patient who makes a good recovery, but is not
necessarily free of neurological and neuropsychological limitations.
After severe brain injury, 10%-20% of patients remain severely disabled for
six months or longer. At this stage, only 1%-3%  are categorized as being veg-
etative; hardly any of these subsequently improve to be even severely disa-
bled, and none make an independent recovery. On either side of these out-
comes, the distributions of death and independent recovery have an inverse re-
lation, depending on the population considered. For severe injuries, defined as
not obeying commands, the proportion of deaths is 30% (Bailey et al. 1991).
When the patient is also in a coma, with no eye opening and no comprehensible
verbal response, mortality is 35%-40% (Choi et al. 1994). In cases where this
state has been present for six hours or more, mortality approaches 50% (Jennett
et al. 1977b).
Two prospective investigations have provided information on the quantity
and frequency of alcohol consumption among out-patients with traumatic
brain injury. Kreutzer et al. (1991) suggest that persons with brain injury have
relatively high rates of substance abuse. This investigation focused on sup-
ported employment referrals with traumatic brain injury. The investigators‘
earlier research (Kreutzer et al. 1990) included a general brain injury out-pa-
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tient population. Findings of these two studies suggest that between one-fifth
and one-third of patients are moderate or heavy drinkers, with heavy drink-
ing being more common among persons referred for supported employment
services. Supported employment referrals are characterized by persons who
fail to gain or maintain employment. The relatively higher incidence of sub-
stance abuse very likely contributes to the higher unemployment rates. On a
positive note, a majority of clients are reportedly abstinent post-injury. Pre-
versus post-injury comparisons suggest an overall decline in the frequency
and quantity of alcohol consumption (Kreutzer et al. 1990, 1991).
Although post-injury use of alcohol declines in the TBI population, some
20% of these individuals remain moderate or heavy drinkers, and 8% to 14% are
considered to be problem drinkers (Kreutzer et al. 1990). Furthermore, the usual
substance abuse interventions, which rely heavily on cognitive and educational
strategies, are not well-matched for TBI patients who have profound problems
with memory, attention and cognitive rigidity. Injury-induced decrements in im-
pulse control further compound the impulsity that is frequently a core part of
the alcohol abuse/dependency syndrome (McAllister 1992).
After moderate and especially, mild brain injuries, most patients are at
worst only moderately disabled, and the original Glasgow Coma Scale (Jen-
nett and Bond 1975) has been criticized as being too crude for such popula-
tions (Hall et al. 1985). The device of defining upper and lower levels in each
category of conscious survival only partially removes this difficulty (Jennett
et al. 1981). A broad range of neuropsychological tests (Clifton et al. 1993) and
inventories of emotional, behavioural and social status have been described,
but no single one has yet been widely adopted. In assessing outcome, it is cru-
cial that information not be obtained only from the patient or even from the
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family practitioner concerned (Anderson et al. 1993). A truer picture of the pa-
tient‘s state and of its impact upon the family as a whole can be obtained only
when neuropsychologists are involved  in the assessment, in addition to the
family itself and caregivers. This is particularly important if the patient is be-
ing assessed for the purposes of a claim for damages; an underestimate of the
consequences of injury may have adverse effects on the settlement.
PREVENTION OF TRAUMATIC BRAIN INJURY
Prevention of brain injury is possible at three stages: forestalling the accident;
minimizing the degree of injury on the site of impact; and reducing  the risk
of secondary complications, which is the focus of medical management in the
acute stage. Accident prevention requires modification of behaviour by the
public. Its effectiveness can be enforced by legislation. Reduced speed limits,
use of safety belts by vehicle occupants, and wearing of helmets by motor cy-
clists and bicyclists have all proven to be effective. Prevention of falls and oth-
er accidents in working places can also reduce brain injuries. Stringent limits
on alcohol level allowed in drivers and universal use of air bags could further
contribute to a reduction in injuries due to road traffic accidents. In addition,
better and safer cars and vehicles, and safer roads would prevent brain inju-
ries by forestalling accidents. Alcohol is also a major contributor to injuries
from assaults and falls, and in pedestrian victims of road accidents. The dan-
gers of brain damage from boxing are well recognized (Roberts 1969).
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AIMS OF THE STUDY
1. To study the influence of age at the time of brain injury on long-term
functional and vocational outcome five or more years after injury.
2. To evaluate the influence of pre-injury educational level on long-term
functional and vocational outcome five or more years after injury.
3. To study whether brain injury factors reflecting injury severity, such as
the Glasgow Coma Scale score on hospital admission, length of coma and
post-traumatic amnesia, predict long-term functional and vocational out-
come.
4. To assess the influence of post-traumatic speed performance on long-
term functional and vocational outcome in patients with moderate or
severe traumatic brain injury.
5. To evaluate early and late post-traumatic seizures in traumatic brain inju-
ry rehabilitation patients, and to determine brain injury factors causing
late seizures and the influence of these seizures on long-term functional
and vocational outcome.
Aims of the Study
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PATIENTS AND METHODS
1. PATIENT SELECTION
Fifteen hundred consecutive patients from all parts of the country with unse-
lected, non-missile brain injuries of defined severity admitted during 1978-
1993 to the out-patient neurological clinic of Kauniala Hospital, which has
specialized in brain injuries in Finland since the Second World War, were
evaluated. When patients with a follow-up of less than five years were ex-
cluded, a total of 508 remained, aged 0.8 to 71 years, mean 19 years. Of these,
22% were 7 years or younger when injured, 27% were 8-16 years, 44% 17-40
years and 7% over 40 years. A neurological examination of this population
found 12 patients with no brain injury, who were also excluded from the ana-
lysis of outcome, leaving 496 patients (Study I-II). Of these, 48% were fol-
lowed up at 5-10 years post-injury, 26% at 11-15 years, 17% at 16-20 years, and
9% at over 20 years, with mean follow-up time 12 years.
The referral selection system of our study group excluded those patients
from the TBI population who were at the extreme ends of the scale, i.e. very
mild and extremely severe injuries. Those who died or who remained in a
vegetative state (score 4 on the GOS; Jennett and Bond 1975) and those so se-
verely disabled that their end-points of outcome, i.e. attainable educational
level, re-employment and functional disability grade, had already been per-
manently evaluated in acute or subacute care units, were also excluded. A fur-
ther  group of patients not included were those who had recovered well, had
continued their education started before the injury, and had no problems in
employment or social integration.
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2. PRE-INJURY HEALTH OF THE PATIENTS
Among pre-injury diseases and handicaps, 3% of the patients had had mild or
moderate brain injury, 1% seizures and 1% heart disease; less than 1% had
high blood pressure, diabetes,  stroke or psychiatric disorders; and 69% were
non-drinkers, 30% moderate drinkers and 1% heavy drinkers. We classified
all children at the time of injury as non-drinkers, as well as those who denied
drinking before injury. Moderate drinkers were those who occasionally or
regularly ingested a few drinks without having problem drinking. Those who
had been sentenced for drunken driving, and those whose hospital records,
other data, or their own or their relatives‘ information revealed high rates of
alcohol abuse, were judged as heavy drinkers. Current smoking habits were
not recorded.
AGE AT INJURY,  PRE-INJURY EDUCATION AND EMPLOYMENT, AND
CAUSES OF BRAIN INJURY
Of the patients, 46% were younger than 16 years and were in school, with the
remaining 54% of working age, of whom 85% were employed, 14% were at
vocational school, senior high school, technical college or university, and 1%
were unemployed. Drinking habits of the unemployed before injury were not
studied separately because there were so few of them. The causes of brain in-
jury were car accidents 76%, motorcycle accidents 9%, bicycle accidents 2%,
other vehicle accidents 5%, falls 4% and other mechanisms 4%.
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POST-INJURY TREATMENT AND REHABILITATION
At the acute stage, the patients were treated  at local hospitals, with rehabilita-
tion and follow-up provided both by local neurologists and by general practi-
tioners. The patients were then referred to a rehabilitation programme under
the Insurance Rehabilitation Agency, funded by insurance companies, and an
individual rehabilitation plan was made for each patient together with a local
rehabilitation team. Patients found unemployable because of severe disability
were granted a pension and aided in adapting to their altered life circum-
stances. They were not referred forward in the rehabilitation and re-employ-
ment programme. Neither were any persons who had already succeeded in
their social reintegration and re-employment sent to the Kauniala Neurology
Clinic for evaluation. Patients not satisfied with their outcome or with the
compensation paid by their insurance companies, or who were unsuccessful
in their post-injury education or job, were referred to the Kauniala Clinic. Se-
lection of patients was thus based on referrals from insurance companies, i.e.
all were patients with post-injury problems in either education, employment
or financial compensation. The first neurological examination was usually
made by our rehabilitation team 0.5 to 2 years post-injury. Follow-up evalua-
tions were made at intervals of 1-2 years. The patients‘ rehabilitation pro-
gramme was a loose network of services at different levels of recovery, usual-
ly consisting of physiotherapy, speech therapy and neuropsychological reha-
bilitation, and occupational therapy at the acute or subacute stage including
intensive rehabilitation and adaptation courses in rehabilitation clinics. Fami-
ly members were counselled,  and with the aid of a social worker, educational
and occupational counselling of the patients was started. Adequate education
was especially emphasized (normal classes, schools or vocational schools for
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the disabled), with training at work shops or work training organized on the
open job market. Reasons for failure to return to pre-injury jobs were ana-
lysed. Finally, social reintegration and re-employment were attempted. No
significant changes took place during the follow-up period in service provi-
sion affecting patient outcome.
5. CLINICAL NEUROLOGICAL ASSESSMENT
A neurological examination was done for each patient at the Kauniala Out-pa-
tient Neurological Clinic by our rehabilitation team comprising neurologists,
neuropsychologists and social workers. In addition, patients had neuropsy-
chological examinations, EEGs and CT scans. Acute clinical histories and oth-
er pre- and post-injury data were collected from the hospitals where patients
had received treatment, when possible, and from police investigation reports
concerning their accidents. Data on their social and functional status and
work histories were collected, and reports of employers served to identify
problems at work. Family members were interviewed about patients‘ difficul-
ties in social recovery.
6.  MEASUREMENT OF SEVERITY OF INJURY
Measurement of severity of injury in patients was based on variables as-
sumed to reflect severity in the acute phase and also to predict functional and
occupational long-term outcome. GCS scores based on the neurological exam-
ination at the time of emergency hospital admission were taken from patient
reports or were collected retrospectively from physicians‘ and nurses‘ notes.
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GCS scores were 3-8, 9-12 and 13-15, representing severe, moderate and mild
brain injuries, respectively (Clifton et al. 1992). According to GCS scores on
emergency hospital admission, 86% and 70% of patients‘ injuries in age
groups seven years or younger and 8-16 years were severe, 10% and 17%
moderate, and 4% and 13% mild, respectively. In age groups 17-40 years and
over 40 years, 47% and 18% of injuries were severe, 22% and 15 % moderate,
and 31% and 67% mild, respectively. LOC data came in most cases from hos-
pital records, either from physicians‘ reports or nurses‘ daily progress notes,
with family members questioned about the validity of this information. The
criterion for end of coma was capacity of the patient to obey commands, as
shown by motor or verbal responses. Duration of PTA was estimated through
a review of physicians‘ or nurses‘ reports and detailed  patient and family in-
terviews, and its validity was checked from different sources. Being aware of
the limits of determining PTA in young children, we dropped it as a predic-
tive factor in uncertain cases. Because both LOC and PTA are coarse measure-
ments, they are given in hours, days or weeks.
MEASUREMENT OF POST-INJURY SPEED PERFORMANCE
To study speed performance of the patients five or more years post-injury in
relation to functional and vocational long-term outcome, comprehensive neu-
ropsychological evaluation data was obtained from all patients who had been
referred to the clinic during 1978-1993. All patients (N=140, Study III), fol-
lowed up for a minimum of five years, from the  years 1985, 1987, 1989, 1991
and 1993 were included, except for four patients among whom the initial inju-
ry severity could not be determined. Their mean age at injury was 13 years.
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Of the patients, 114 had suffered severe or moderate TBI, on which we fo-
cused further analysis. The mean follow-up time was 12 years (SD 5.2 years,
range 5-32 years). Patients with moderate or severe motor weakness of the
dominant hand were excluded from the Purdue Pegboard (PB) test, as well as
from the tests of simple visual and auditory reaction times.
PATIENTS WITH EARLY AND LATE POST-TRAUMATIC SEIZURES
For all patients (N=490, Study IV), the possible brain injury factors involved
in the acute phase causing late seizures, especially type and severity of brain
injury as measured by the GCS score, length of coma, duration of PTA and re-
sults of an acute-stage EEG recording were collected. At follow-up examina-
tions, we studied the time interval between trauma and the first seizures, and
seizure onset in relation to patients‘ age.
We classified post-traumatic seizures into three groups according to the
time of their occurrence (Temkin et al. 1991): (1) immediate seizures occurring
within the first 24 hours after trauma, with most occurring within the first
few hours; (2) delayed early seizures occurring during the remainder of the
first week; and (3) late seizures occurring more than 1 week after trauma
(Elvidge 1939). Seizures in the first two groups, termed early by Jennett (Jen-
nett 1975a), are considered to be acute reactions to the trauma, and only late
seizures are considered epileptic occurrences.
Because many patients were injured before CT scanning became available,
we used the results of later CTs in all patients showing encephalomalacia due
to unresolved contusions, intracerebral and subdural haematomas or second-
ary infarction. For evaluating focal neurological deficits as a factor causing
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late post-traumatic seizures (LPTS), follow-up examinations were the basis of
the analysis, i.e. permanent deficits were noted. Of those with LPTS, 70%
were on antiepileptic medical treatment, mostly with carbamazepine or
phenytoine at the end of follow-up, leaving 30% for whom therapy could be
discontinued because the seizures had stopped.
9. OUTCOME VARIABLES
When studying  the influence of age and educational status before injury on
the functional and vocational long-term outcome, the outcome variables were
the GOS, which focuses more on the overall functional recovery, the educa-
tional level reached, and post-injury occupation as well as the capacity for
work after brain injury.
To study prognostic factors related to initial brain injury severity for extent
of functional and occupational recovery, we used three predictor variables:
GCS score on hospital admission, LOC and duration of  PTA. Furthermore,
we studied patients in different age groups to examine effect of age on long-
term outcome. The prognostic factors were correlated with the outcome varia-
bles, the GOS and occupational status at the end of follow-up, five to over 20
years post-injury. A GOS score of 1 represents good recovery, a GOS score of 2
moderate disability and a GOS score of 3 severe disability. Capacity for work
at the end of follow-up was divided into three outcome groups: independent
employment, subsidized employment and inability to work. Patients judged
capable of independent work, based on neurological examination, but who
were at the time of examination temporarily unemployed, were included in
the independent employment group. In addition to exclusion of patients
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without brain injury, 26 patients, each granted a pension for other health rea-
sons, were excluded from evaluation of  capacity for work. Those who were
still in school at the end of follow-up (age<16 yrs), and those who were older,
but continued their education without work experience, were also excluded
from the analysis of capacity for work.
For studying influence of speed performance on outcome, the outcome varia-
bles were the GOS and the capacity for employment at the end of follow-up.
The influence of LPTS on functional outcome according to the GOS and
on employment status at the end of follow-up was studied analysing the
patients with LPTS and those without LPTS separately with respect to out-
come variables.
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STATISTICAL METHODS
Severity of brain injury (GCS) was found to be a strong factor (aims 1-2).
Therefore,  statistical analysis was performed by stratifying the data by GCS
scores into three categories: 3-8, 9-12 and 13-15, representing severe, moderate
and mild brain injuries, respectively. For most analyses, age was broken down
into categories 7 years or younger, 8-16, 17-25 and 26 or older at the time of
injury. Statistical tests were made for each strata separately. For some analy-
ses, a chi-squared exact test was used (StatXact-Turbo Statistical Software for
Exact Nonparametric Inference, Cytel Software Corp., 1992) and exact 95% bi-
nomial confidence limits were calculated. For studying occurrence of brain in-
jury by age, we used age groups 5 years or younger, 6-10, 11-15, 16-20, 21-25,
26-30, 31-35, 36-40 and over 40 at the time of injury.
For the third aim of the study, the statistical analysis was done with BMDP
Statistical Software (BMDP Statistical Software Inc., Los Angeles, CA, 1992).
Age-adjusted odds ratios and their 95% confidence limits for injury severity
measurements and outcome variables were calculated by a logistical model
(BMDP2L). Injury severity measurements were GCS score on emergency hos-
pital admission, LOC in hours and duration of PTA in days. Each of these was
analysed for four age groups: seven years or younger, 8-16, 17-40 and over 40
at time of injury. The categories for length of coma were 0.5 hours or less, 0.6-
6, 7-24, 25-168 and over 168 hours; and for post-traumatic amnesia, one day or
less, 2-7, 8-14, 15-28 and over 28 days.
For the fourth aim of the study, a comprehensive neuropsychological as-
sessment, including tests of general intelligence (parts of the Wechsler Adult
Intelligence Scale), memory (the Wechsler Memory Scale), visuospatial ability,
Stati tical
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executive functions, speed of performance and attention, was performed by
qualified neuropsychologists. The test scores were retrospectively collected
directly from original neuropsychological documents. We concentrated on the
evaluation of tests measuring speed performance in order to reveal meaning-
ful associations with outcome. More detailed and extensive presentation of
other tests will be published separately.
Simple reaction times were measured with both visual (a patient had to
press a button placed in front of him with his dominant index finger as soon
as a lamp was switched on) and auditory (a buzzer signal was used) stimuli
(De Renzi and Faglioni 1965). In the PB test (Tiffin 1968), patients had to place
pegs with the dominant hand into board holes in three 30-second test ses-
sions, and the sum of pegs during these trials was scored. The Stroop test
(Stroop 1935; Jensen and Rohwer 1966) was used in an alternative and modi-
fied method to score performance time in a trial in which patients had to read
(format of 11 x 5 words) printed colour names, where the print ink was in a
colour different from the name of the colour.
Reference values (mean, SD) were obtained from the Kauniala Hospital‘s
data on male war veterans without TBI ( N=17, mean age 45 years): reaction
time to visual stimuli 253 ± 24.3 msec, to auditive stimuli 238 ± 24.6 msec, the
Stroop test 79 ± 28 sec and the Purdue Pegboard test 47 ± 5 pegs/90 sec.
One- and two-way ANOVA was used to compare means of patients´ neu-
ropsychological test performance grouped by injury severity (GCS scores 3-8, 9-
12 and 13-15) and age at injury (≤ 7, 8-16 and >16 years). In addition, the interac-
tion between injury severity and age at injury was tested. A logarithmic trans-
formation was used before the analysis in the case of skewed distributions.
For the fifth aim of the study, statistical analysis to test associations be-
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tween the categorical variables was performed with the X2-trend test, general-
ized Fisher‘s exact test and X2-test. The odds ratios and their 95% confidence
limits were calculated by a logistic model. StatXact 3 and BMDP statistical
software were used. For studying occurrence of EPTS and LPTS, as well as the
time of the first LPTS, we used age groups 7 years or younger, 8-16 and over
16 at the time of injury. Severity of brain injury was measured by use of GCS
scores 3-8, 9-12 and 13-15, as well as length of coma in hours and duration of
PTA in days.
Outcome variables for aims 1-5 of the study were GOS scores of 1, 2 and 3
and independent employment, subsidized employment and inability to work.
Proportions within the outcome variables were given in percentages for each
age group separately.
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RESULTS
INFLUENCE OF AGE AT INJURY AND PRE-INJURY EDUCATIONAL LEVEL ON
LONG-TERM FUNCTIONAL AND VOCATIONAL OUTCOME FIVE OR MORE
YEARS AFTER INJURY (I)
Age and sex distribution
The mean age of patients at time of injury was 19 years (range 0.8-71 years).
The most common age for our male patients at time of injury was 6-25, with
peaks at approximately 6-10 and 16-20. Thereafter, the number of patients
with TBI decreased until 40 years of age. In our female patients, brain injury
was most common at the age of 6-10; 34 patients were older than 40 when in-
jured. The difference in occurrence of brain injury between men and women
was substantial. Adolescent and young adult males were the most common
victims of brain injury.
Severity of brain injury
We used the Glasgow Coma Scale scores at the time of emergency hospital
admission in order to estimate the severity of brain injury. In age groups 7 or
younger, 8-16 and 17-25 years, the majority of brain injuries were severe. In
the age group over 26 years, there were 30% severe, 20% moderate and 50%
mild brain injuries.
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Educational status before injury
Before injury, 211 (43%) patients had completed junior high school education
or were in the last grades of junior high school, an educational level which
would permit them access to unskilled labor; 86 (17%) patients had a voca-
tional school education suitable for skilled labor; 11 (2%) had graduated from
senior high school, which provides the possibility for higher professional and
academic education; 11 (2%) had graduated from technical college; 10 (2%)
had a university degree; 82 (17%) were in elementary school and 84 (17%) had
not yet reached school age. None had attended a school for retarded  children
before TBI. The pre-injury education of one patient was unknown.
Recovery
Age at time of TBI and educational status before TBI were correlated with the
GOS, with educational level reached during post-injury follow-up and with
post-injury occupation.
When age at time of injury was considered in relation to final GOS (Figure
1), in the group of patients with severe brain injury (GCS 3-8) at 7 years of age
or younger, the majority (57%) had severe disability, 37% had moderate disa-
bility and only 6% good recovery. With increasing age at time of injury, the
number of patients with severe sequelae decreased, and the majority of pa-
tients had moderate disability or good recovery. There was a trend of increas-
ingly good recovery until the age of 16-25 years at time of  injury (p=0.0573,
trend-test); thereafter, good recovery decreased.
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Figure 1
A significant relationship was found between age and grade 3 of GOS (severe
disability) in the patients injured at 7 years of age or younger, as compared
with the older groups (p=0.010, X2). In the group of patients with moderate
brain injury at 7 years of age or younger and at 8-16 years, the majority (59%)
had a GOS score of 2 (95% CI 41%-76%). In the group of patients (108) with
mild brain injury (GCS 13-15), independent of age, 60% (95% CI 51%-69%)
had a GOS score of 1 (good recovery).
When the influence of age at time of injury on educational level reached at
the end of follow-up was studied, it could be seen that in the group of origi-
nally severe brain injuries practically all of the children returned to or could
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Figure 1. Age at time of injury and Glasgow Outcome Scale scores at the end of follow-up.
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enter school, but especially those injured at 7 years or younger had learning
difficulties. They more often attended  schools for retarded children or voca-
tional schools for disabled persons (46%) than did the group of children in-
jured at the age of 8-16; in the latter, learning difficulties occurred in 26% of
cases. Adolescents and young  adults could more often attend normal classes
in vocational schools or continue at university level. The patients in the older
age groups had largely finished their education by time of injury. With regard
to special arrangements in  post-injury education, the difference between the
groups injured at 7 years of age or younger and at 8-16 years was significant
(p=0.0061, X2). In the group of moderate brain injuries, 20% of the children in-
jured at 7 years or younger had  learning difficulties, but the result was not
statistically significant when compared with the older age groups. In the
group of mild brain injuries, no correlation between age and learning difficul-
ties was found.
The final capacity for employment in the severely brain injured is given in
Table 7. Among the patients injured at 7 years or younger, a smaller percent-
age was able to compete for full-time positions, as compared with the older
group injured at 8-16 years of age. This result was significant (p=0.011, X2).
Those injured younger were also more often provided with subsidized em-
ployment, i.e. less demanding work, sheltered activity or part-time work. In
the age group of 26 years and over, more of the patients were incapable of
work, and their subsidized employment was mainly on a part-time basis. The
patients in the age group of 17-25 years at injury had the best outcome. The
majority (64%) were working in the open job-market (95% CI 51%-75%). In the
two youngest age groups, 23% and 15% of patients, respectively, had not yet
finished their education. They were either younger than 16 years of age or
48
Results
older than 16 years, still studying, and had no work experience. In the group
of patients with moderate brain injury, the majority were capable of competi-
tive work. The exception were the patients who were 26 years or older at time
of injury, 39% of whom worked independently. In the group of patients with
mild brain injury, the majority were capable of independent work.
Table 7.    Age at time of brain injury and post-injury occupation at the end of follow-up
Age at time Post-injury occupation at the end of follow-up in percentages
of brain injury
GCS Age-group Education Independent Subsidized Unable to Total
(years) continuing, work employment work numbers
no work
3 - 8 ≤ 7 23 23† 27 27 (  90  )
 8 -16 15 42† 19 24 (  91  )
17-25 3 64‡ 6 27 (  69  )
≥ 26 0 40 14 46 (  35  )
9 - 12 ≤ 7 11 67 22 0 (    9  )
 8 -16 14 52 24 10 (  21  )
 17-25 3 55 7 35 (  29  )
≥ 26 0 39 4 57 (  23  )
13 - 15 ≤ 7 40 40 0 20 (    5  )
 8 -16 22 56 5 17 (  18  )
17-25 3 67 10 20 (  30  )
≥ 26 0 63 3 34 (  65  )
† P=0.011, X2
‡ 95% CI 51% – 75%
experience
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When the influence of educational status at time of injury on GOS was stud-
ied, the majority (62%) of children suffering severe brain injury at preschool
age had severe functional disability. Deviation from the other GOS scores,
with moderate disability in 35% and good recovery in 3%, was significant
(p=0.0006, X2). School children with more education had a better outcome, the
majority of these having moderate disability and good recovery. When pre-
educational status was vocational school and technical college or university
education, 17% of patients with severe brain injury made a good recovery.
The patients with severe brain injury at elementary school or junior high
school level at the time of injury made a good recovery in 10% and  9% of cas-
es, respectively. The difference in good recovery between these pre-education-
al groups was not significant (p=0.182, X2). Adolescents at vocational school
tended to have a better functional outcome than adolescents at senior high
school. The functional outcome for patients with a technical college or univer-
sity education before injury was no better than for patients with a vocational
school education. In patients with moderate brain injuries, the most common
outcome was GOS score 2. The majority of patients with mild brain injury had
a GOS outcome grade of 1 (95% CI 51%-69%).
A comparison of educational status before injury with the educational lev-
el reached post-injury in patients with severe brain injury revealed that in the
group of children injured at preschool age 50% were in need of special ar-
rangements in education, such as classes for retarded children and vocational
schools for disabled persons. In the group with an elementary school educa-
tion, the need for special educational arrangements decreased to 29%
(p=0.0204, X2), with more patients able to attend normal classes. Of patients
whose pre-educational status was junior high school, 42% had no further edu-
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cation after TBI. Of patients with a senior high school education, 25% were
able to continue at the same level, but none entered a university; 37% contin-
ued at vocational school or technical college, and 38% left school receiving
only their junior high school diploma. The majority of patients with a voca-
tional school, technical college or university education at time of injury did
not continue their studies. In patients with moderate brain injury, 25% of
children injured at preschool age and 11% of children injured at elementary
school level attended a school for retarded children or a vocational school for
disabled persons. In the group of patients with  mild brain injury, practically
all of the children went to normal classes.
In the patients with severe brain injury, educational status before injury
correlated with final occupation. Thus, those with a junior high school or vo-
cational school education at time of injury had better outcomes as regards
competitive employment than did the groups injured at preschool age or dur-
ing elementary school (p=0.0001, X2), among whom there were more place-
ments in subsidized employment, such as less demanding unskilled labor and
sheltered work. Of the patients injured at junior high school and vocational
school levels, 51% and 68%, respectively, were capable of competitive employ-
ment. When pre-educational status was vocational school, technical college or
university, the subsidized employment was mostly part-time work. In addi-
tion, most of the technical college or university level patients had either re-en-
tered the competitive job market (34%) or had been granted a pension (58%).
Among patients with moderate and mild brain injuries, the majority were ca-
pable of competitive employment.
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BRAIN INJURY  FACTORS  REFLECTING  INJURY  SEVERITY  AND LONG-
TERM  FUNCTIONAL  AND  VOCATIONAL OUTCOME (II)
Influence of the GCS score on functional outcome (GOS) was studied. For
mild brain injuries, good recovery (GOS score 1) was attained by 50% or more
of patients in all age groups, with only 0%-12% suffering severe disability
(GOS score 3); approximately 60% in the two youngest age groups and 40% in
the two oldest suffered moderate disability (GOS score 2). For severe brain in-
juries, 50% or more of patients in the youngest and oldest age groups had se-
vere disability, with good recovery enjoyed by only 0%-6%; in the age groups
8-16 and 17-40 years, the proportions of severe disability were 39% and 36%,
respectively, and of good recovery approximately 10% each. The age-adjusted
odds ratio (Table 8) of GOS score 3 to GOS score 1 or 2 in the three severity
groups for injury was 4.8 in moderate brain injuries and 11.8 in severe brain
injuries, with 1.0 in mild brain injuries.
For all age groups, the majority with initial mild and moderate brain inju-
ries were capable of work on the open job market, and in the age group 17-40,
the majority, even those with severe brain injuries, were working or judged to
be capable of working independently. Approximately 30% of the severely in-
jured in each age group were unable to work, with the exception of those over
40, among whom 80% were unable to work. In the latter group, none with se-
vere brain injury were capable of independent work, but 20% had subsidized
work. Subsidized employment was usually more common in the severely in-
jured patients, especially in the younger age groups. The age-adjusted odds
ratio (Table 8) of being unable to work to independent or subsidized employ-
ment at the end of follow-up was 2.6-2.1 in moderate and severe brain inju-
ries, with 1.0 in mild brain injuries.
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Table 8.   Age-adjusted Odds ratios and 95% confidence limits for injury severity and outcome
Outcome variables
Glasgow outcome scale (GOS) Employment status
GOS score 3 to Unable to work to
GOS score 1 - 2*  Independent or
subsidized employment**
Injury severity
measure Odds ratio 95% CI Odds ratio 95% CI
Glasgow coma 13 - 15 1.0 1.0
scale score 9 - 12 4.8 1.8 - 13.0 2.6 1.2 - 5.8
3 - 8 11.8 4.8 - 29.0 2.1 1.6 - 6.5
Lenght of coma 0.5 1.0 1.0
hours 6 2.1 0.8 - 5.4 2.4 1.1 - 5.6
24 1.9 0.7 - 5.2 2.1 0.8 - 5.2
168 5.6 2.7 - 11.9 2.1 1.1 - 4.5
> 168 11.8 6.0 - 23.0 3.7 2.0 - 7.0
Post-traumatic 1 1.0 1.0
amnesia days 7 6.8 1.4 - 31.6 1.3 0.5 - 3.7
14 6.3 1.3 - 31.8 2.4 0.8 - 6.9
28 13.6 2.9 - 63.4 2.2 0.8 - 6.1
> 28 31.3 7.0 - 140.0 5.9 2.3 - 15.0
* GOS score 1-2: no event, GOS score 3: event.
** Independent or subsidized employment: no event, unable to work: event.
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Length of coma  was considered in relation to final GOS. The majority of
our patients in age groups 8-16 and 17-40, with length of coma up to one
week (168 hours), had a GOS score of 1 to 2 at the end of follow-up; i.e. they
had recovered well, or they had moderate disability but were functionally in-
dependent and needed little or no help. In the age group 17-40, unconscious-
ness lasting longer than one week resulted in a GOS score of  3 for the majori-
ty (72%) of patients. In age group 8-16, even coma lasting more than one week
resulted in a GOS score of 1 (7%) or 2 (49%) for the majority of patients, but
severe disability (GOS score 3) for 44%. In the youngest and oldest groups, re-
covery was somewhat poorer; for the majority, maximum length of coma
seemed to be one day to one week for GOS scores of 1 to 2; if the coma lasted
one week or more, the majority of patients had a GOS score of 3 (severe disa-
bility). The age-adjusted odds ratio (Table 8) of GOS score 3 to GOS score 1 or
2 was 2.1-1.9 for length of coma from half an hour to one day, 5.6 for coma
from one day to one week and 11.8 for coma over one week, as compared
with 1.0 when coma lasted up to 0.5 hour.
A correlation of length of coma with capacity for work at the end of fol-
low-up was evident for age groups 8-16 and 17-40, the majority being capable
of independent employment if coma had lasted one week or less. In the
youngest group, the majority with a coma lasting up to one day were capable
of independent employment; and in the oldest group, the majority of those
with a coma of half an hour or less were capable of independent employment.
If unconsciousness in the two oldest groups had lasted for more than one
week or for six hours or longer, respectively, the majority of patients were
subsequently unable to work. Subsidized employment was most common for
age groups seven years or younger and 8-16 at time of injury. The age-adjust-
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ed odds ratio (Table 8) of being incapable of working to independent or subsi-
dized employment at the end of follow-up was 2.4-2.1 for length of coma
from half an hour to one week, and increased to 3.7 for coma over one week,
as compared with 1.0 when coma lasted 0.5 hour or less.
When PTA was considered in relation to final GOS, the majority in the two
oldest groups with PTA of up to four weeks recovered well or had moderate
disability but were functionally independent at the end of follow-up. In the
age group 8-16, however, PTA of even longer than four weeks resulted in a
GOS score of 1 or 2 for the majority of patients. In the youngest age group,
PTA seemed to be shorter, i.e. about two weeks for the majority of patients
with a final GOS score of 1 or 2. In all age groups, the majority of patients
with PTA for one day or less made a good recovery; in the oldest group, PTA
of up to one week resulted in  a good recovery for the majority of patients, but
none had a chance of good recovery with PTA longer than one week. If PTA
was longer than four weeks, severe disability resulted in over 50% of patients
in the two oldest groups. In the youngest group, the majority suffered severe
disability if PTA lasted about four weeks. Severe disability was rarest in age
group 8-16 years; the majority attained GOS scores of 1 or 2 even with PTA of
over four weeks. The age-adjusted odds ratio (Table 8) of GOS score 3 to GOS
score 1 or 2 was 6.8.-6.3 for length of PTA from one day to two weeks, 13.6 for
PTA from two weeks to four weeks and 31.3 for PTA over four weeks, as com-
pared with 1.0 when PTA was one day or less.
The majority of patients with PTA up to four weeks were engaged in inde-
pendent work at the end of follow-up or had been shown by neurological ex-
amination to be capable of independent work, although some were temporar-
ily unemployed. In the over-40 group, the PTA correlating with independent
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work seemed to be about one week. With increasing duration of PTA in each
age group, the number of patients unable to work also increased, but with no
linear correlation. Subsidized employment was needed for each age group,
but was the most common in the group 8-16 years. Subsidized employment
consisted of less demanding labour, sheltered activity or part-time work with
pay compensation by an insurance company. The age-adjusted odds ratio (Ta-
ble 8) of being unable to work to independent or subsidized employment was
1.3 for length of PTA from one day to one week, 2.4.-2.2 for PTA from one to
four weeks and 5.9 for PTA over four weeks, as compared with 1.0 when PTA
lasted one day or less.
SPEED PERFORMANCE POST-INJURY AND LONG-TERM FUNCTIONAL AND
VOCATIONAL OUTCOME IN A GROUP OF YOUNG PATIENTS WITH
MODERATE OR SEVERE TRAUMATIC BRAIN INJURY (III)
When speed performance (the Stroop test, the Purdue Pegboard test and sim-
ple visual and auditory reaction times) of the patients with moderate or se-
vere TBI were grouped by injury severity and age at injury, no statistically
significant (p>0.05, two-way ANOVA) differences in test performance were
detected between these patients, grouped either by injury severity or age at
injury, and additionally, interactions between these two parameters were not
significant. For this reason, we combined the moderately and severely injured
patients in further analysis of outcome.
Performance time of patients with moderate or severe TBI in the Stroop
test (Table 9) was significantly associated with functional outcome, as meas-
ured by the GOS, the severe disability group (GOS score of 3) being the slow-
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est (p=0.0046, one-way ANOVA), as compared with the outcome groups with
GOS scores of 1 and 2.
Test performance of patients in the GOS score groups 1 and 2 was similar.
The PB test (Table 9) differentiated significantly between the GOS scores of 1
to 2 and the GOS score of 3 (p=0.0413, one-way ANOVA), with the slowest
performance for the worst outcome.
At the end of follow-up, 79 patients were of working age (>16 years).
When they were grouped by their capacity for employment (independent em-
ployment, subsidized employment and incapacity for employment), the
Table 9.    Glasgow Outcome Scale score of patients and neuropsychological test results
GOS score Stroop test (s) Pegboard test Simple visual RT Simple auditive RT
(sum of 3 trials) (ms) (ms)
GOS score 1 68.9 (19) 44 (11) 325 251
n = 12 n = 12 n = 12 n = 12
GOS score 2 70 (21) 44 (7.9) 282 242
n = 61 n = 51 n = 51 n = 51
GOS score 3 85 (27) 39 (9.4) 324 260
n = 30 n = 31 n = 31 n = 31
P = 0.0046† P = 0.0413† P = 0.14† P = 0.548†
Stroop and PB test results are means (SD). Test results for simple visual and auditive reaction times
are geometrical means.
†One-way ANOVA
RT, Reaction times
GOS score: 1 = good recovery, 2 = moderate disability, 3 = severe disability
Reference values (reference mean, SD) for male young adults without TBI: Stroop test 79±28 sec,
Pegboard test 47±5 pegs/90 sec, simple visual RT 253±24,3 msec and simple auditive RT 238±24,6 msec.
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Stroop test and the PB test (Table 10) differentiated significantly (p=0.0015,
one-way ANOVA and p=0.032, trend test, respectively) between the patients
capable of independent or subsidized employment and those incapable for
employment, with the groups of patients who were incapable of employment
being the slowest in both tests.
Table 10.    Employment status and neuropsychological test results
Employment status Stroop test (s) Pegboard test Simple visual RT Simple
(sum of 3 trials) (ms) auditive RT
(ms)
Independent employment 68.9 (20.8) 44 (9) 305 262
n = 31 n = 41 n = 41 n = 41
Subsidized employment 69.6 (12.2) 42 (6.1) 282 240
n = 18 n = 15 n = 15 n = 15
Incapacity for employment 88.5 (30.2) 38.8 (9.3) 310 242
n = 30 n = 21 n = 21 n = 21
P = 0.0015† P = 0.032‡ P = 0.664† P = 0.475†
Stroop and PB test results are means (SD). Test results for simple visual and auditive reaction times
are geometrical means.
†One-way ANOVA
‡Trend test
RT, Reaction times
Reference values (reference mean, SD) for male young adults without TBI: Stroop test 79±28 sec,
Pegboard test 47±5 pegs/90 sec, simple visual RT 253±24,3 msec and simple auditive RT 238±24,6 msec.
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Simple visual and auditory reaction times did not differentiate between
the GOS scores of patients with moderate or severe TBI at the end of follow-
up (Table 9); neither did they differentiate between the three categories of ca-
pacity for employment (Table 10).
59
Results
EARLY AND LATE POST-TRAUMATIC SEIZURES IN TRAUMATIC BRAIN IN-
JURY: BRAIN INJURY FACTORS CAUSING LATE SEIZURES AND INFLUENCE
OF SEIZURES ON LONG-TERM FUNCTIONAL AND VOCATIONAL
OUTCOME (IV)
Occurrence of early post-traumatic seizures (EPTS) and late post-traumatic
seizures (LPTS) in our TBI rehabilitation patients were analysed separately in
relation to age at injury (Table 11).
Children aged seven or younger at the time of injury were the most prone to
early seizures (30.8%). Of those in age groups 8-16 and over 16 years, 20.0%
and 8.4% had early seizures, respectively. The relationship between age at in-
jury and occurrence of EPTS was significant (p<0.0001, X2 trend test).
Occurrence of LPTS in children who sustained injuries at seven years or
Table 11.     Early post-traumatic seizures and late seizures in TBI rehabilitation patients by age at injury
Early seizures Late seizures
Age at injury (yr) Percentages Patients Totals Percentages Patients Totals
with seizures with seizures
≤ 7 30.8 32 104 32.7 34 104
8 - 16 20.0 27  135† 31.4 43 137
> 16 8.4 21 249 18.9 47 249
P < 0.0001‡ P = 0.0021‡
TBI, traumatic brain injury
 † Data for two patients missing
 ‡ X2 trend test
60
Results
less was similar (32.7%) to that of EPTS (Table 11). Patients in the older age
groups, 8-16 and over 16 years at time of injury more often had late seizures,
i.e. 31.4% and 18.9%, respectively, as compared with corresponding early sei-
zures of 20.0% and 8.4%. Occurrence of late seizures in relation to age at inju-
ry was significant (p=0.0021, X2 trend test), with seizures occurring more often
in younger age groups.
When intervals between brain injury and first LPTS, with early seizures ex-
cluded, were studied, patients in the age group seven years or younger had
the first late seizure most frequently within six months of injury (47.1%). The
older patient groups more often had a delayed first late seizure: those in age
group 8-16 years in almost half the cases (47.5%) more than five years after in-
jury, and those over 16 years most frequently from one to five years (32.6%) or
more than five years (26.1%) after injury. Differences between age groups
were significant (p<0.0001, generalized Fisher‘s exact test).
For studying brain injury risk factors causing LPTS, all factors which were
thought to be involved were first submitted to a univariate logistic model to
estimate odds ratios and 95% confidence intervals. Because data on intracra-
nial haematoma, local abnormality on acute-stage EEG, discharges on acute-
stage EEG, increased intracranial pressure, length of PTA in days and severe
generalized abnormality on acute-stage EEG were available for only part of
the patients, these factors were not submitted to multivariate analysis.
In multivariate logistic analysis, the best fit was obtained with the variables
given in Table 12. Early seizures and depressed skull fracture were significant
risk factors, whereas permanent post-traumatic focal neurological deficit, linear
skull fracture and permanent post-traumatic local brain lesion documented on
CT scan did not reach statistical significance in the multivariate analysis, but ap-
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peared clinically important as risk factors. Severity of brain injury, as measured
by GCS score or by length of coma, was not a risk factor for post-traumatic late
seizures, with the exception of a slightly increased risk when coma lasted over
24 hours. This was not, however, statistically significant.
Table 12.  Risk factors for late post-traumatic seizures in TBI
 rehabilitation patients (multivariate analysis)
Odds ratio 95% C.I.
Early seizures 2.84 1.61 - 5.00
Depressed skull
 fracture 2.08 1.07 - 4.05
Permanent post-traumatic
 focal neurological deficit 1.74 0.64 - 4.77
Linear skull fracture 1.59 0.94 - 2.70
Permanent post-traumatic
 brain lesion documented
on CT scan 1.25 0.75 - 2.07
Length of coma > 24 h † 1.08 0.44 - 2.64
Length of coma 0.5 - 24 h † 0.66 0.26 - 1.71
GCS score 3 - 8 ‡ 0.53 0.21 - 1.33
GCS score 9 - 12 ‡ 0.52 0.23 - 1.19
TBI, traumatic brain injury; CT, computed tomography; GCS,
Glasgow Coma Scale
† Reference category: length of coma < 0.5 h
‡ Reference category: GCS score 13 - 15
Odds ratios were adjusted to the other variables listed in the table.
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 Table 13. Univariate analysis for potential risk factors for late post-traumatic seizures in TBI rehabilitation patients
Number of Number of
Late seizures patients with  patients with Total number
Risk factor in percentages seizures  risk factor of patients Odds ratio 95% C.I.
Post-traumatic
bacterial meningitis 75 9 12 490 9.70 2.58-36.4
Brain prolapse 60 12 20 490 4.90 1.96-12.3
Open TBI 48.3 28 58 490 3.33 1.89-5.83
Liquorrhea 47.5 19 40 490 3.11 1.61-6.00
Intracranial
haematoma 37.9 25 66 160 2.36 1.10-5.04
Local abnormality
on acute-stage EEG 33.3 28 84 251 2.11 1.16-3.83
Discharges on
acute-stage EEG 37.5 3 8 251 1.96 0.45-8.45
Increased intracranial
pressure 28.6 6 21 160 1.55 0.51-4.70
Length of PTA
>14days † 21.5 26 121 324 0.79 0.39-1.60
Severe generalized
anormality on
acute-stage EEG 20.8 15 72 251 0.78 0.40-1.52
Length of PTA
1 - 14 days † 19.0 26 137 324 0.68 0.34 - 1.36
† Reference category: PTA < 1 day
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Post-traumatic bacterial meningitis, brain prolapse (brain injury with extrud-
ed brain tissue), open brain injury (with torn dura), and liquorrhea (liquor
leakage from nose or ear) did not increase the prognostic power of the logistic
multivariate model presented in Table 12, but these factors were statistically
significant as univariate risk factors (Table 13).
Intracranial haematoma and local abnormality on acute-stage EEG  were
also significant in the univariate logistic model. Discharges on acute-stage
EEG, increased intracranial pressure, severe generalized abnormality on
acute-stage EEG and length of post-traumatic amnesia were not significant
risk factors for LPTS.
LPTS in patients were correlated with the GOS scores reached at the end of
follow-up. Those with late seizures more often had worse functional outcome
with a GOS score of 2 or 3 than did those with none (p=0.0079, X2 test). Occu-
pational outcome was, however, equivalent in both groups (p=NS, X2 test).
Patients with LPTS were as often capable of independent employment (54.4%)
as were those without seizures (52.7%). Approximately one-third were unable
to work in each group.
64
Discussion
DISCUSSION
The basic objective of this study was to evaluate brain injury factors describ-
ing severity of brain damage, which were presumed to predict functional and
vocational long-term outcome among Finnish patients, and to evaluate their
predictive weight. Non-injury factors of age at injury and pre-injury educa-
tional level were also correlated with the same outcome measures, and their
predictive weight was studied.
AGE AS PREDICTOR OF FUNCTIONAL AND VOCATIONAL LONG-TERM
OUTCOME (I)
Approximately 6000 brain injury patients in Finland are discharged from hos-
pitals annually (Brain Injury Rehabilitation Programme for the District of the
Helsinki University Central Hospital, 1986), which gives an annual occur-
rence rate of 120/100000 persons for a country of 5 million inhabitants (Aivo-
vammatyöryhmän mietintö, ISBN 951-860-149-6, Valtion painatuskeskus, Hel-
sinki). If the proportions of mild, moderate and severe brain injuries are rep-
resented by 80%, 10% and 10% (Rimel et al. 1981; Sorenson and Kraus 1991;
Fay et al.1993), respectively, this means that 4800 mild, 600 moderate and 600
severe brain injuries occur in Finland annually.
In evaluating the outcomes of patients with problems after traumatic brain
injury, the two groups of TBI patients at the extreme ends of the scale were ex-
cluded. One group excluded were those who died or whose recovery was
equal to grade 4 of the Glasgow Outcome Scale (vegetative state) or some-
what better, but were so severely disabled that their end-points of outcome,
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i.e. educational level possible, re-employment and functional disability grade,
had already been permanently evaluated in acute or subacute care units so
they were never referred for further evaluation, and thus, did not participate
in the rehabilitation programme. The other group of patients excluded were
those who had recovered well, had continued education started before injury,
and had no problems in employment or social integration. The patients stud-
ied fell between these two extremes.
Between 1950 and 1988, the period during which the accidents of these pa-
tients occurred, there have been approximately 230000 patients with brain in-
juries of variable severity in Finland. Thus, 496 patients by no means repre-
sent the whole TBI population, but are a selected cohort. They were referred
to the Kauniala Neurological Clinic because of problems in education, post-
injury employment or insurance compensation. Furthermore, all had been fol-
lowed up 5 years or more to discover the end-points of outcome. In addition
to the Kauniala neurological examination, the data was supplemented by
charts and x-ray pictures from other hospitals where patients had been treat-
ed and from police investigation reports concerning the accidents. The pa-
tients represent only those TBI victims who require substantial rehabilitation.
Although the study included only those with a follow-up of 5 years or more,
it was obvious that in the younger age groups the follow-up may have been
too short to reveal final outcome. The education of some of the youngest pa-
tients had not yet been complete, and they were still under working age.
The brain injuries by age were similar to survey findings in the literature
(Klauber et al. 1981; Cooper et al. 1983; Jagger et al. 1984; Kraus et al. 1984;
Kraus 1987; Sorenson and Kraus 1991; Wong et al. 1993). In male patients,
brain injury was most common between the ages of 6 and 25, and in female
66
Discussion
patients, between 6 and 10 years. Thereafter, the number of patients with TBI
declined in both males and females. In some studies of incidence rate by age,
evidence has been found that incidence increases again at about 60 or 65 years
(Klauber et al. 1981; Cooper et al.1983; Jagger  et al. 1984; Kraus et al. 1984;
Kraus and Arzemanian 1989; Wong et al.1993), but  because of selection crite-
ria, this series included only a few elderly patients.
For defining the severity of brain injury, GCS scores were used. Collecting
scores retrospectively from patient reports was necessary in cases where phy-
sicians treating the patients at the acute stage had not used the GCS. Howev-
er, this should not cause a major bias, because retrospectively collected GCS
scores have been shown to be reliable and comparable with those given di-
rectly (Katz and Alexander 1994). The younger age groups referred to the
Kauniala Neurological Clinic more often had originally sustained severe brain
injuries, and the older age groups more often had mild brain injuries. This is
probably partly due to a higher mortality from severe brain injuries among
older people, and probably also due to the social security policy. In older sur-
vivors, the final decision about outcome is made more often in acute or suba-
cute care units. If unable to work, they are granted a pension not challenged
by the social security insurance. It has been reported that brain injury mortali-
ty rates have decreased in recent years, leading to an increasing number of
young, otherwise healthy individuals with chronic neuropsychiatric disability
(Guatieri 1988), social problems and employment difficulties. Because em-
ployment is highly valued and is an important determinant of social status,
identification of prognostic factors that underlie successful social reintegra-
tion and employment after brain injury is of great importance, not only for
patients and their relatives, but also for society.
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Age at injury in relation to the GOS reveals a higher percentage of severe
sequelae of TBI in the group of children injured at 7 years of age or younger
among our patients  with severe brain injury. There may have been a greater
tendency for parents to be concerned about the performance of young
children starting school, and hence, this group likely had a higher rate of at-
tendance at the Kauniala Neurological Clinic than did adolescents or peop-
le at work. Furthermore, children more often had problems in education
and a need for special arrangements, and thus, were referred for evaluation
and to the rehabilitation programme by insurance companies. Adolescents
and older people had problems in vocational education and at work. More
children were also referred because they survived more often than did old-
er TBI patients. Better recovery in the acute phase and plasticity of the
young brain were, however, not sufficient for a good social and functional
long-term outcome in our youngest patients with severe TBI. While young
children may survive injuries which are fatal for older persons, they then
have a poor late prognosis.
Children who were severely injured at preschool age more often had learn-
ing difficulties than did older children. Reasons for this probably include such
factors as cognitive defects with restricted educational capacity, or biological
defects when the injury had prevented the normal adult brain matrix from be-
coming established. This suggests that the young brain has a limited capacity
to recover fully to the level it would have reached without injury.
A significantly smaller percentage of patients who were severely brain in-
jured at the age of 7 years or younger were capable of independent work, as
compared with the older age group, 8-16 years at injury. The age group 17-25
at injury had the best occupational outcome. The majority of them were, by
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the end of follow-up, capable of working on the open job market. The quali-
ties needed to commence employment may be more demanding than those
needed to continue employment, i.e. contrast between learning new skills and
reapplying already learned skills.
The failure of the younger TBI patients to become employed appears to be
due to persisting cognitive or physical impairment or to restricted educational
or work experience. For older people, our social security system gives an op-
portunity for compensation if the earlier income level is not reached in a new
job. They can also retire from employment on the grounds of TBI when they
cannot cope with their earlier responsibilities.
PRE-INJURY EDUCATIONAL LEVEL AS PREDICTOR OF FUNCTIONAL AND
VOCATIONAL LONG-TERM OUTCOME (I)
The highest rate of good recovery and the lowest rate of severe disability
(GOS) in the category of severe brain injury were among patients whose pre-
educational status was vocational school and  technical college  or university.
This may mean that skills learned in praxis, in professional training or
through work experience are retained better, give better readiness for social
connections, and are more easily reapplied after injury than are more theoreti-
cal skills taught, for instance, at senior high school. Those with a university
education before injury were older. In addition, the psychosocial connections
of this group were already established, and they had a longer experience of
normal life. They may also have had a higher cognitive capacity and stronger
motivation before injury, because these qualifications are prerequisites for
higher education.
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Pre-educational status related to the educational level reached during fol-
low-up shows that those children severely brain injured at preschool age had
the highest rate of learning difficulties. In the group of children injured at ele-
mentary school level, the percentage of learning difficulties was lower, and
declined even further in the group of children injured at junior high school
level. Theoretical reasons for this might include biological factors: the injury
prevents the normal adult brain matrix of connections and higher cerebral
functions from becoming established, thus resulting in cognitive defects. Al-
ready existing capacity is in part spared, depending presumably on the area
and  severity of injury. When the pre-educational status was senior high
school, 38% of  patients found it too demanding to continue at the same level.
They discontinued, and  accordingly, got only the junior high school diploma.
Reasons for their poorer outcome might include cognitive defects; 25% did,
however, finish their senior high school education, and 37% continued at vo-
cational school or technical college.
The highest frequency of capacity for independent work in patients with
severe brain injury at end of follow-up was among those with vocational
school or junior high school education before brain injury. Despite cognitive
or neurological defects caused by injury, they had either succeeded in finding
employment through vocational counselling, training or education, or contin-
ued in their previous employment. Patients usually recover more quickly
from traumatic hemiparesis than from that caused by vascular or other caus-
es. It is also easier to return to the previous job than to learn new skill. The
highest frequency of incapacity for work was detected among those with the
highest educational status before injury: more than one half of those who had
been at technical college or at university before injury were unable to work.
70
Discussion
Because the number of these patients remained low (N=12), this group‘s re-
sults may be biased. Another explanation could be that these patients were
older at the time of injury. Their profession had been demanding and would
have required good cognitive capacity post-injury. They had often been in
leadership positions. Re-education would not have led to an equal or better
outcome and to new employment for them on the open job market, and thus,
the social security system more easily allows for early retirement in such cas-
es. The highest frequency of subsidized employment, which was less de-
manding, or sheltered activity was, however, observed among those whose
pre-educational status was  preschool age or elementary school. Reasons for
this include factors discussed earlier, such as restricted educational capacity.
Part-time work was the most common subsidized employment among those
with a technical college or university education.
Study (I) emphasized that age and educational level, which are non-injury
variables, help predict outcome. Other pre-injury and post-injury factors not
discussed here, such as socio-economic status and substance abuse, may also
have an influence on late outcome. In this selected series, because a remarkab-
ly high percentage of patients were young children and adolescents when in-
jured, alcohol abuse presumably was much rarer than in earlier studies.
Brain injury factors describing the type or severity of brain damage are
surely the most important determinants of early recovery and outcome in
neurosurgical series. It seems that the contribution of non-injury variables,
such as age and education level, increases as the predictive weight of injury
factors decreases at times more remote from time of injury.
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MEASUREMENT OF BRAIN INJURY SEVERITY AND LONG-TERM
FUNCTIONAL AND VOCATIONAL OUTCOME (II)
The presented data reveal how injury factors describing severity of TBI pre-
dict late outcome in brain injury rehabilitation patients. This study is not a
population study, but represents a selected cohort of patients, where those
with the worst and best outcomes are excluded due to no problems in evalua-
tion of rehabilitation or outcome.
Despite age effect, variations in cause of injury and pathological profile
apparently explain much of the differences in outcome among different age
groups. Long-term outcome data were presented with all pathological sub-
types combined, which may bias and to some extent reduce the predictive
power of prognostic factors. Because of higher mortality in older age
groups (Carlsson et al. 1968; Heiskanen and Sipponen 1970; Frowein 1979;
Hernesniemi 1979; Teasdale et al. 1979b; Stablein et al. 1980; Lokkeberg and
Grimmes 1984; Ruckert and Glinz 1985; Pentland et al. 1986; Vollmer et al.
1991), the series comprising the TBI rehabilitation population included rela-
tively few elderly patients.
GCS score, length of coma and post-traumatic amnesia do have an influ-
ence on functional and occupational long-term outcome after brain injury. Al-
though there may have been referral biases of which we are unaware, the re-
ferral system and rehabilitation admissions are assumed to provide an equal
opportunity for all Finnish citizens, and accordingly, this patient population
represents a common yet important group of TBI patients.
The outcome measures selected, i.e. the GOS and employment status, are
simple to use and relevant to the population. The three different methods for
determining injury severity coincided with these measures very well, but
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some observations on the merits and disadvantages of each of the approaches
can be made. GCS score seems to be more useful in predicting functional out-
come according to GOS than in predicting capacity for work (Table 8). In con-
trast, LOC and PTA seem to be more relevant for predicting future employ-
ment status than initial GCS score. However, these three criteria essentially re-
flect different aspects of the same thing, the severity of brain damage. The use
of each is practical in hospitals treating patients with acute brain injuries.
Categorization by GCS score on hospital admission is well accepted, prac-
tical and has been validated. Its use as a prognostic factor is usually possible
because the information is in patients‘ admission records, and thus, it can also
be reliably collected afterwards, as shown earlier (Katz and Alexander 1994).
The GCS is applicable even to young children when modified (Table 3). On
the other hand, its use may be problematic because some patients improve
rapidly, whereas others deteriorate secondarily. Additional measurements of
severity of injury may thus be required.
Information about LOC was usually gathered from patient reports and
daily progress notes. Termination of coma, as evidenced by demonstrated ca-
pacity to comprehend verbal commands shown by verbal and motor respons-
es, is generally stated  in patient records, which was also the case in the
present series. It may, however, be useful to question relatives or friends retro-
spectively about the validity of the information on coma termination to get a
second opinion, as was done in all these cases. As shown in Table 8, LOC is
probably the best index for predicting vocational outcome, except for the dif-
ficulty in defining end of coma in patients with multiple injuries who are re-
laxed and sedated when connected to a respirator.
An advantage of PTA as a predictor variable might be that it is determined
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through direct information from patients and also seems to relate well to both
functional and occupational outcome. However, it applies less well to young
children among whom it may be difficult or even impossible to determine the
time limits of memory loss. Therefore, in this study of PTA, the number of pa-
tients in the age group 7 years or younger at time of injury was kept low
(N=26). In older age groups, PTA seems to be more useful.
The value of using three different methods for determining severity of
brain injury is that if one fails due to lack of data two other approaches are
available. In addition, comparison between corresponding outcomes using
different predictive variables is possible, and greater strength and consistency
of associations is gained.
When measuring TBI severity by the GCS score on emergency hospital ad-
mission, good recovery according to the GOS was reached in mild brain inju-
ries by the majority of patients in all age groups, but the youngest and oldest
age groups had somewhat fewer good recoveries than did age groups 8-16
and 17-40 years. For severe brain injuries, in the oldest group at time of injury,
there were no good recoveries; the second lowest rate of good recoveries oc-
curred in the youngest group. The majority in the oldest and youngest age
groups had severe disability. Patients with the best chance for good recovery
were in age groups 8-16 and 17-40. The high percentage of severe disability
among the youngest patients with severe brain  injury may be due to biologi-
cal factors, such as injury preventing the normal adult brain matrix connec-
tions from becoming established, and psychosocial ones, which curtail psy-
chosocial development. Among the oldest patients, one cause of poor out-
come might be decreased plasticity of the brain in recovering from severe in-
jury. The occurrence of major brain injury may also increase the risk of cogni-
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tive decline, such as dementia (Luukinen et al. 1999), but this hypothesis re-
mains to be elucidated in future studies. It is premature to conclude from the
published research to date that the elderly have a uniformly poor outcome
following TBI. Further research is necessary (Rapoport and Feinstein 2000).
GCS scores predicting capacity for work showed that the majority of patients
who had sustained mild and moderate brain injuries in all age groups were ca-
pable of independent employment, i.e. they were working on the open job mar-
ket or were judged able to compete for the positions available. Those judged ca-
pable of independent work based on their neurological examination, but who
were at the time of examination temporarily unemployed, were included in the
independent employment group, but those who were still at school at the end of
follow-up (age<16 yrs), and those who were older, but continued their educa-
tion without work experience, were excluded from the analysis of capacity for
work. The result indicates that a number of patients with persisting moderate
disability were engaged in independent employment. That patients in age
group 17-40 years had the best outcome, with the majority of those having se-
vere brain injury being able to work on the open job market may in part be due
to different accident types and injury mechanisms at different ages. Falls, focal
cerebral contusions and subdural haematomas are more common in older age
groups, and diffuse axonal injury in younger groups (Amacher and Bybee 1979;
Teasdale et al. 1979b; Lobato et al. 1983; Pentland et al. 1986; Kirkpatrick and
Pearson 1987; Vollmer et al. 1991). In the present analysis, patients with diffuse
axonal injury were not separated from those with primarily focal brain injury or
with haematomas. Injury data for most of the patients did not allow for such a
detailed etiopathological differentiation.
Length of coma is a brain injury factor used to describe severity of brain
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damage and to predict outcome (Katz and Alexander 1994). The results show
that a coma lasting no more than one week coincided with a GOS score of 1 or 2,
and with independent employment, i.e. with a good outcome for the majority of
patients in age groups 8-16 and 17-40 years at time of injury. In the youngest
group, however, maximum length of coma resulting in a GOS score of 1 or 2
was shorter, i.e. only one day; and in the over-40 age group, it seemed to be
even shorter. This may be due to biological factors in the youngest group, as dis-
cussed earlier, and to poor plasticity of the older brain in recovering from injury.
Type of injury in different age groups could also have had an influence on out-
come. In all age groups, reduced capacity for work was levelled out by subsi-
dized employment, especially for the two youngest groups.
Length of PTA is another often cited predictor of outcome (Wilson et al.
1993; Katz and Alexander 1994). In survivors of brain injury with diffuse ax-
onal injury, restoration of continuous attention and memory is the most age-
sensitive phenomenon (Katz and Alexander 1994). Russel and Smith (1961)
observed longer duration of PTA with increasing age, although they did not
control for severity across age groups. In the majority of patients 8-16 and 17-
40 years at injury, PTA lasting about four weeks correlated with GOS scores of
1 or 2, and with the capacity for work on the open job market. In the youngest
age group, PTA favouring good recovery or recovery with moderate disability
seemed to be shorter (about 2 weeks). It is harder, however, to reliably esti-
mate the length of PTA in very young children. In the over-40 age group, PTA
favouring post-injury capacity for independent employment was even short-
er, at about one week.
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SPEED PERFORMANCE AND LONG-TERM FUNCTIONAL
AND VOCATIONAL OUTCOME (III)
The aim of this study was to provide information about the clinical usefulness
of neuropsychological tests in evaluating long-term functional and vocational
outcome of patients with moderate and severe TBI. A comprehensive neu-
ropsychological test battery was performed for all patients by two qualified
neuropsychologists. We are aware of possible biases in our study group of pa-
tients. Nevertheless, these results have practical value in setting rehabilitation
goals. Neuropsychological testing of speed performance was carried out five
or more years post-injury (mean seven  years). We focused on speed perform-
ance as it affects several aspects of cognitive performance in different types of
work tasks, and in order to reveal meaningful associations with outcome.
Further, according to earlier studies, little is known about the value of speed
performance tests in differentiation between functional disability grades after
brain injury, and in predicting capacity or incapacity for employment. These
tests are easy to perform and can be quickly analysed. An extensive presenta-
tion of other tests for TBI patients is a consideration for future studies.
We excluded patients with mild TBI, since there were so few of them in the
two youngest age groups. They are not usually referred as often to rehabilita-
tion programmes because of their better capacity for recovery; therefore, they
represent a more biased group. Further studies are needed to evaluate prog-
nostic significance of speed performance in patients with mild TBI.
In the Stroop test, which can be considered a measure for processing speed
or controlled processing, speed performance of patients (Table 9) was slowest
in the outcome group with a GOS score of 3. With the Purdue Pegboard test,
reported to be sensitive to brain damage (Lezak 1995), a similar result in test
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performance was observed. An association between the PB test and the GOS
has also previously been reported (Clifton et al. 1993). Moreover, a significant
difference in speed perfomance was detected in both tests between the pa-
tients incapable of employment and those capable of independent or subsi-
dized employment (Table 10), with those incapable of employment being the
slowest. The Stroop test contains a stimulus-response incompatibility, and
thus, can also be interpreted as a measure of divided attention (Shiffrin and
Schneider 1977), which is relevant for most types of work tasks. It is under-
standable that this finding correlates with working capacity.
Associations between simple visual and auditory reaction times and the out-
come variables were not statistically significant. This may be due to the tests,
which probably are not sensitive enough to subtle changes in the speed of infor-
mation processing, e.g. due to attention problems. In earlier studies, it has also
been suggested that simple reaction times normalize during long follow-up
(Van Zomeren and Deelman 1978). On the other hand, disturbances of attention
are common in TBI patients (Cohen 1993). Further research using computerized
tests of speed performance measuring maintenance of attention is indicated.
EARLY AND LATE POST-TRAUMATIC SEIZURES IN  TRAUMATIC BRAIN IN-
JURY REHABILITATION PATIENTS  (IV)
To the best of our knowledge, this is the first report on influence of  LPTS on
functional and occupational long-term outcome after TBI. The study has cer-
tain limitations stemming from its partly retrospective character. Only such
TBI patients could be included who had post-injury problems in education,
employment or financial compensation, and who were for these reasons re-
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ferred to the rehabilitation programme. Thus, excluded were those who had
made a very good recovery and those who had had the poorest outcome, in-
cluding vegetative state. Patients with pre-injury epilepsy were also excluded
from this study. The follow-up from the time of injury was at least five years.
On the basis of the clinical investigation on seizures in this large group of
TBI rehabilitation patients, some controversies surrounding LPTS (Jennett
1975a; Temkin  et al. 1991) can be reviewed. The occurrence of late seizures in
our patients was 24.5%, somewhat higher than that given by Annegers et al.
(1998) in their population study. This may mean that our patients more often
had post-traumatic local brain damage (D‘Alessandro et al. 1988), which in-
deed was the case for half of those in our series. Our overall occurrence of
EPTS was 16.9%. The children sustaining TBI at seven years or younger were
more prone to early seizures (30.8%). This result is consistent with earlier
findings (Jennett 1975b; Leviton and Covan 1981). For early seizure, the main
risk factor is brain contusion or haematoma (Jennett 1975a; Annegers et al.
1980). Hahn et al. (1988) found two additional strong risk factors in their se-
ries of children: diffuse cerebral edema was accompanied by a 43% rate of ear-
ly post-traumatic seizures, and a Glasgow Coma Scale score of 12 or less was
accompanied by a 31% rate. More moderate increases in the rate of early post-
traumatic seizures occurred with loss of consciousness over 24 hours or post-
traumatic amnesia, depressed skull fracture, or focal neurological signs.
EPTS were a bad prognostic sign in our young children. They continued to
have seizures, the late seizure rate for the youngest being 32.7%. We could
confirm that children who had early seizures were also more likely to have
late seizures, as reported previously (Leviton and Covan 1981). Although the
extent and duration of increased risk for seizures after TBI are not well
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known, among the patients in this series a significant number of LPTS cases
began seizures more than five years after injury. The reason for this late onset
is also not well understood. Some studies (da Silva et al. 1990) have empha-
sized the role of glial cells in brain scars in spreading of epileptic brain poten-
tials. Another factor could be problem drinking among some adults after TBI.
About one-half of our patients were young children when injured. Because of
this selection, alcohol abuse as an additional cause of LPTS could not be stud-
ied reliably. A more comprehensive study at Finnish TBI patients is needed.
According to two prospective investigations about the quantity and frequen-
cy of alcohol consumption among out-patients with traumatic brain injury,
Kreutzer et al. (1990, 1991) found in pre- verus post-injury comparisons that
an overall decline occurs in the frequency and quantity of alcohol consump-
tion. Although the use of alcohol declines in the TBI population after injury,
some 20% remain moderate or heavy drinkers, and 8% to 14% can be consid-
ered to be problem drinkers (Kreutzer et al 1990).
In the present series, LPTS began quite often during the first six months af-
ter injury in all age groups. Patients with pre-injury epilepsy were excluded
from this study, so no good reason exists to deny compensation to these re-
maining patients covered by insurance, even after mild TBI, if risk factors for
LPTS are present. Clinicians often believe that LPTS have a benign character
and that they eventually cease with medication. On the contrary, of these pa-
tients with seizures, 70% were at the end of follow-up (mean 12 years) receiv-
ing anticonvulsive medical therapy, which was started after acute seizure
problems. This demonstrates that LPTS are not transient. Furthermore, first
late seizures occurred in a large number of cases even later than five years
post-injury. This finding tallies with some earlier reports (da Silva et al. 1990,
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Annegers et al.1998). Such seizures can be attributed in large part to the injury
itself (Annegers et al.1998). However, the coexistence of alcohol abuse should
also be taken into account (De Santis et al. 1992).
Brain injury factors associated with late seizures were largely similar to
those previously described. Irrespective of early seizures and depressed skull
fracture, an increased probability of LPTS could be expected in the presence
of a permanent local brain lesion, verified in a CT scan, and of a linear skull
fracture, although neither reached statistical significance in the multivariate
analysis. As has been reported earlier, permanent post-traumatic focal neuro-
logical deficits which reflect brain damage were probably also clinical risk fac-
tors in our patients. Weiss and Caveness first introduced the finding that type
and extent of brain lesion were important in the development of LPTS. Study-
ing soldiers, they found that the most epileptogenic lesion was the penetrat-
ing head injury (Weiss and Caveness 1972; Caveness et al. 1979). In the same
type of population, Jabbari and Salazar found the factors frequently associat-
ed with LPTS to be neurological deficits (Jabbari et al. 1986; Salazar et al. 1986,
1987). In civilians, Jennett et al. (1974) first stated the close relationship be-
tween skull fractures complicated by a torn dura and LPTS.
In some previous studies (Annegers et al. 1980b, 1998), severity of brain in-
jury has been predictive of LPTS, with a correlation between appearance of
seizures and severity of injury. However, the definition of severity of brain in-
jury may be quite difficult to achieve by clinical evaluation and may vary
with the criteria used. In this study, however, severity of brain injury per se,
as measured by the GCS score, length of coma or duration of post-traumatic
amnesia, was not a general risk factor. A similar result has been reported by
earlier authors (da Silva et al. 1990; De Santis et al. 1992). It is possible that pa-
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tients with the most severe injuries reflected in these parameters likely died,
and our patients with markers of severe TBI represented moderately severe
and severe injuries in which these measures of severity did not predict LPTS.
It is well known that prolonged traumatic coma may also occur in the absence
of cortical lesions. The overestimation of coma and PTA as risk factors for
LPTS might have been due to their being considered as evidence of the severi-
ty of a local brain lesion, and possibly of widespread cortical damage (De
Santis et al. 1992). As markers of diffuse brain injury in cases with no local
brain lesion, length of coma, GCS score, length of PTA, and severe general-
ized abnormality on EEG seemed to be relatively unimportant risk factors in
our rehabilitation patients who represent a middle group of TBI survivors in
terms of outcome.
Local abnormality on acute-stage EEG reflecting a local brain lesion was a
risk factor for LPTS in the patients in the univariate analysis. The value of
electroencephalographic findings in estimation of the development of epilep-
sy or of estimation of the probability that the electroencephalographic func-
tion normalizes during follow-up after injury is  controversial. Pampiglione
(1975) found relationships between trauma, EEG, and LPTS, when the analy-
sis was done 4-6 weeks post-injury, and he discussed the development and
appearance of discharges in EEG even later, discharges which might precede
clinical seizures. In the present series, the patients with discharges on EEG in
the acute phase showed an increased risk for LPTS, but this failed to reach
statistical significance in the univariate analysis (odds ratio 1.96; 95% CI 0.45-
8.5). Appearance of discharges seems to be influenced by age at injury and
time since injury, as well as the type and severity of brain damage (Martins da
Silva et al. 1992).
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The analysis of functional outcome according to the GOS by seizures may
be somewhat circular, in that presence of LPTS is one of the determinants of
the GOS grade. It also would be useful to study psychosocial outcome using
more sensitive measures than the GOS for this population. Otherwise, the
GOS is widely considered a relevant indicator of long-term functional out-
come after TBI (Jennett and Bond 1975, Jennett et al. 1981). The finding of no
relation between LPTS and employment is partly at variance with other stud-
ies (Corkin et al. 1984; Schwab et al. 1993), but the relationship may largely
depend on socio-economic circumstances.
CONCLUSIONS
Severe brain injury received at an earlier stage of life (especially in childhood
and during the early teens), coupled with lower scholastic education, had a
more severe impact upon future social and vocational outcome than when the
injury was sustained in the later teens or early adulthood. In moderate and
mild brain injuries, the outcome was better in all age and pre-educational
groups. This conclusion is potentially of great significance as it is often be-
lieved that injuries in children are functionally less harmful than injuries in
adults because of the presumed advantage of younger brains over older ones
in terms of adaptive capacity. Theoretical reasons for our contrary findings in-
clude biological factors: the injury prevents the normal adult brain matrix of
connections from becoming established; and psychosocial ones: the curtail-
ment of normal life experiences and opportunities limits psychosocial devel-
opment. Although this study is not  a population study, it is a comprehensive
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description of the influence of age and education at injury on late outcome in
a rehabilitation population. While there may have been referral biases of
which we are unaware, our TBI patients are representative of the Finnish TBI
rehabilitation population; hence these results have practical value.
Simple diagnostic tools, such as GCS score, and careful observation of  pa-
tients, including length of coma and duration of post-traumatic amnesia, can
make prediction of outcome reasonably accurate. This study also emphasizes
the importance of follow-up of TBI patients with post-injury problems, partic-
ularly in education, vocational training and employment. Final outcome is
not always possible to determine until years after injury. Thus, collection of
all data concerning the accident and brain injury is of great importance and
helps predict outcome. Modern imaging is invaluable, and at present, is avail-
able everywhere where acute TBI patients are treated. This data increases pre-
cision of prognoses for a large proportion of cases and for individual TBI pa-
tients, assuming that victims of brain injury are monitored closely in the post-
acute phase and followed up thoroughly to assess goals of rehabilitation. As
our data show, even very severe traumatic brain injury is not necessarily in-
compatible with good recovery for a solitary patient and capacity for inde-
pendent employment some years later.
Neuropsychological testing is a relevant component of functional assess-
ment of TBI patients, even if the tests are often time consuming and complex
to administer. The mean follow-up time for our patients was 12 years. This
relatively long period of time allowed us to reach the following conclusions
about the predictive value of the tests used. The Stroop test and the Purdue
Pegboard test differentiate between the functional disability grades according
to the GOS, i.e. between good recovery and moderate disability or severe dis-
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ability after brain injury, and can also be useful in predicting capacity or inca-
pacity for employment in TBI patients. In both tests, those in the outcome
group with a GOS score of 3 (severe disability) and those incapable of em-
ployment were the slowest. These tests are also easy to perform and analyse,
and fast to carry out. The results suggest that they should be included in a
shorter screening test battery for evaluating all TBI patients, especially now
that the health care system is under increased economic pressure.
Widespread prejudices still exist against epilepsy, and affected patients are
often discriminated against in social and professional life. These results on
functional outcome according to the GOS of patients with LPTS may reflect
this unfavourable situation. Epilepsy did slightly worsen functional and so-
cial outcome. More patients with seizures had a GOS score of 2 or 3 than did
those in the non-seizure group. Employment status was, however, equivalent;
patients with LPTS had as good a chance for independent employment as did
those without seizures. Proper antiepileptic medical treatment is mandatory
and does, among other things, help improve chances of employment in pa-
tients with seizures. LPTS are not necessarily an obstacle to work, so long as
certain restrictions are noted.
Conclusions
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